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ABSTRACT 

Adrenocortical function was measured before, during, and after a complete 
course of insulin coma therapy in a paranoid schizophrenic patient. During 
the weekdays on which insulin coma therapy was administered, a moderate 
increase in urinary corticosteroid excretion was consistently observed. On 
Saturdays and Sundays, when insulin was not given, urinary corticosteroid 
levels decreased. The 17-ketosteroid excretion did not parallel the corticosteroid 
excretion. Insulin coma therapy did not alter adrenocortical responsiveness to 
intravenous ACTH. Following the completion of insulin coma therapy, both 
urinary corticosteroid: and 17-ketosteroid excretions remained at lower levels 
than during the pre-insulin control period. This observation suggests that basal 
adrenocortical function may be depressed by a course of insulin coma therapy. 


N INCREASED activity of the adrenal cortex is known to follow vari- 
A ous stresses (1, 2) and several studies have been published concerning 
the adrenocortical response to acute stresses in man (3-5). Insulin coma 
affords an opportunity to determine the adrenocortical response to re- 
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peated reproducible stresses. This study was undertaken to determine 
changes in urinary 17-hydroxycorticosteroids, 17-ketosteroids, and circu- 
lating eosinophils as an index of endogenous alterations in adrenocortical 
function throughout an entire course of insulin coma therapy. 


MATERIALS AND METHODS 


The subject for study was a 26-year-old male who had been suffering from paranoid 
schizophrenia for five years. His disease would not be expected to interfere with the 
normal response to insulin coma, since Bliss and associates (6) demonstrated the adreno- 
cortical and pituitary-adrenal reactivities of chronic schizophrenic patients to be iden- 
tical with those of normal] subjects. The patient was studied 1) for ten days before the 
administration of insulin, 2) through fourteen weeks of insulin coma therapy (thereafter 
referred to as ICT), and 3) for one month following the last dose of insulin. 

ICT was administered five days a week (with rest periods on Saturdays and Sundays) 
for fourteen weeks by a modification of the technique of Bond and Shurley (7). A dose 
of 25 units of insulin was given subcutaneously on the Sunday prior to the institution 
of ICT. : 

The daily schedule was as follows: 

6:45 a.m.—Collection of night urine specimen (11:00 p.m.—7:00 a.m.). Basal 
blood sugar determination and eosinophil count. 
7:00 a.m.—Phenobarbital, 0.1 Gm. orally; atropine, 0.4 mg., subcutaneously;! 
regular insulin intramuscularly. 
8:30 a.m.—Blood sugar determination. 
10:00-10:30 a.m.—Blood sugar determination at onset of coma. 
10:30-11:00 a.m.—Blood sugar determination immediately prior to termination of coma. 
10:30—-11:00 a.m.—Administration of 400 ml. of 50 per cent glucose in water orally, 
when possible. Intravenous administration of 30 ml. of 50 per cent 
glucose solution if patient too deep in coma to drink. 
11:00—11:30 a.m.—Shower and light breakfast. 
11:30 a.m. —Eosinophil count. 
12:30 p.m.—Lunch. 
3:00 p.m.—Urine collection (7:00 A.m.—3:00 P.M.). 
5:00 p.m.—Dinner. 
5:00— 8:00 p.m.—Night feedings. 
11:00 p.m.—Urine collection (3:00 p.m.—11:00 p.M.). 

Urinary 17-hydroxycorticosteroids (17-OHCS) were determined by the method of 
Reddy et al. (9). Urinary 17-ketosteroids (17-KS) were measured by the Zimmermann 
reaction, according to a modification of the method of Callow e¢ al. (10). Urinary crea- 
tinine was determined by the method of Peters (11), and blood sugar concentration by 
the method of Nelson (12). Blood eosinophils were counted by the method of Randolph 
(13). 

One v.s.P. unit of adrenocorticotropin (ACTH) was infused intravenously over a 
four-hour period at different phases of the study in order to measure the adrenocortical 
capacity. 


‘It has been shown that premedication with pentobarbital and atropine does not 
inhibit the rise in plasma 17-hydroxycorticosteroids seen after inhalation anesthesia (8) 
and after surgery (5). 
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RESULTS 
I. 17-Hydroxycorticosteroid excretion 


a. Pre-insulin control period. A consistent diurnal variation of the renal 
excretion of 17-OHCS was observed during the control period. Approxi- 
mately half of the daily urinary output of 17-OHCS occurred during 
the early morning and midday hours in the interval from 7:00 a.m. to 
3:00 p.m. Daily urinary 17-OHCS excretion ranged between 5.8 and 10.0 
mg. (Table 1). 

b. Insulin coma therapy. Following the onset of ICT, a definite moderate 
increase in daily urinary 17-OHCS excretion was observed (Table 1). This 
increase occurred primarily in the interval from 7:00 a.m. to 3:00 P.M. 
From 3:00 p.m. to 7:00 a.m. the following day, urinary 17-OHCS excre- 
tion decreased to values observed during the pre-insulin control period for 
equivalent intervals of the day and night. On Saturdays and Sundays, 
when insulin was not administered, urinary 17-OHCS levels decreased 
moderately (Fig. 1). This weekend drop in urinary 17-OHCS excretion was 
observed regularly throughout the entire course of ICT, but was not noted 
during the pre-insulin control period. 

During the first six wéeks of ICT, urinary 17-OHCS excretion varied 
between 9.5 and 15.5 mg. per twenty-four hours (Fig. 1). The maximal 
value of 15.5 mg. per day occurred on the tenth day of ICT, on which day 
a dosage of 2200 units of insulin was administered. Severe hypoglycemic 
reactions were observed frequently during the early phase of ICT and were 
associated with doses of insulin above 900 units. These reactions did not 
include convulsions. 

During the last half of ICT, urinary 17-OHCS levels in response to in- 
sulin coma usually ranged below 11 mg. per twenty-four hours (Fig. 1). 
The blood sugar values during this phase of ICT fell to the same low levels 
(below 10 mg. per 100 ml.) as during the first half of treatment, despite the 
progressive reduction in insulin dosage. 

On the days during which a dose of 10 units of insulin was administered 
intravenously, urinary 17-OHCS decreased (Fig. 1), suggesting that this 
small dose of insulin was not a potent stimulus of the adrenal cortex. 

c. Post-insulin coma period. Immediately following the last day of ICT, 
the patient became uncooperative, making it difficult to collect urine. How- 
ever, several accurately-timed urine specimens were obtained during the 
first month following completion of ICT. The 17-OHCS excretion in these 
collections ranged between 1.4 and 5.5 mg. per day, the lower values being 
observed in the urine collected toward the end of the month. A diurnal 
variation in the renal excretion of 17-OHCS persisted (Table 1). 
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TABLE 1. URINARY EXCRETION OF 17-HYDROXYCORTICOSTEROIDS AND 17-KETOSTEROIDS 
AND FASTING EOSINOPHIL COUNTS BEFORE (—), DURING, AND AFTER (+) 
A COMPLETE COURSE OF INSULIN COMA THERAPY 
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TABLE 1.—Cont’d. 
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Taste 1—Cont’d. 





: Urinary Eosinophil 
Insulin 17-OHCS 
Day dosage (7 A.M.-3 P.M.) 
(units) (mg./8 hrs.) 


Urinary Urinary 
17-OHCS 17-KS 
(mg./24 hrs.) | (mg./24 hrs.) 


count 
(fasting) 
(per cu.mm.) 
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* On these days the patient received a four-hour intravenous infusion of 1 v.s.P. 


unit of ACTH. 
+ A dose of 40 v.s.p. units of ACTH was administered parenterally every six hours 


for two days. 
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Fig. 1. Urinary excretion of 17-hydroxycorticosteroids and 17-ketosteroids and 
fasting eosinophil counts during different phases of insulin coma therapy. 
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II. 17-Ketosteroid excretion 


During the pre-insulin control period, urinary 17-KS excretion varied 
between 18.4 and 22.2 mg. per twenty-four hours. Following the adminis- 
tration of ICT, the 17-KS leyels were usually within the control range, 
with occasional elevated values being observed during the first third of ICT 
(Table 1). 

In contrast to the 17-OHCS, urinary 17-KS excretion did not regularly 
decrease on Saturdays and Sundays in comparison with the weekdays on 
which ICT was given. Following the seventh week of ICT, urinary 17-KS 
gradually fell to daily levels of 12.5 to 16.3 mg. by the last two weeks of 
ICT. After the completion of ICT, urinary 17-KS excretion remained at 
values approximately one-third lower than those observed in the pre- 


insulin control period. 
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III. Circulating eosinophils 


Basal eosinophil counts ranged between 63 and 81 per cu.mm. in the pre- 
insulin control period. Following ICT, there was a progressive rise in 
eosinophils to a peak level of 825 per cu.mm. during the sixth week of ICT 
(Table 1). After this maximal value was attained there was a gradual 
fall in basal eosinophil counts to 206 to 400 per cu.mm. by the final week of 
ICT. The last eosinophil count recorded in the post-insulin period was 
150 per cu.mm. 

There was a sustained rise of circulating eosinophils during ICT, with 
a rapid return to normal levels during the weekend and the two days with- 
out treatment. 


IV.. Response of urinary corticosteroid excretion and circulating eosinophils 
to ACTH 


In order to test the capacity of the adrenal cortex to respond to a given 
amount of ACTH, 1 v.s.p. unit of ACTH was infused intravenously over 
a four-hour period before ICT, during the fourth week and the fourteenth 
week of ICT. The results are shown in Figure 2. By the end of the ACTH 
infusions, urinary 17-OHCS excretion had risen to 17-18 y per mg. of 
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Fig. 2. Urinary 17-hydroxycorticosteroid and circulating eosinophil response to a 
small dose of ACTH. One v.s.p. unit of ACTH was infused intravenously over a four- 
hour period from 10:00 a.m. to 2:00 p.m. 
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creatinine in each test performed, with a corresponding fall in circulating 
eosinophils of 61 to 67 per cent in five hours. 


DISCUSSION 


Studies concerning the effect of insulin-induced hypoglycemia in man 
have yielded conflicting results. Thorn et al. (14) were unable to demon- 
strate that insulin administration could activate the pituitary-adrenal 
system, even though a blood sugar level of 19 mg. per 100 ml. was at- 
tained. Bliss et al. (4) and Staehelin et al. (15) found that small doses of 
insulin produce significant elevations in plasma 17-OHCS levels. Vester- 
gaard (16) and Staehelin et al. (15) were able to show that insulin tolerance 
tests can effect an increase in urinary 17-OHCS excretion. However, insulin 
in small dosage, such as used in insulin tolerance tests, is a weak adreno- 
cortical stimulus (4). 

In our patient, ICT produced an increase in urinary 17-OHCS excretion 
in the interval from 7:00 a.m. to 3:00 p.M., throughout the entire course of 
ICT. These results are in agreement with the observations of Bliss et al. 
that ICT produces significant elevations in the concentration of 17-OCHS 
in blood during the period of hypoglycemia (17). 

In comparison with major surgical operations (18, 19), insulin coma is 
only a moderate adrenocortical stimulus. One unit of ACTH infused over 
a four-hour period produced slightly greater urinary 17-OHCS levels than 
_did ICT—16.3 to 16.5 mg., as compared to 10 to 15.5 mg. per twenty- 
four hours. 

Although a consistent urinary 17-OHCS excretion pattern persisted 
throughout the entire course of ICT, urinary 17-OHCS levels decreased 
slightly during the last half of ICT. Despite the differences in insulin dos- 
age, blood sugar levels fell equally as low during all phases of ICT. It 
would appear that, in man, repeated exposure of the pituitary-adrenal 
system to the same quantitative stimulus (in this case hypoglycemia) may 
result in the gradual decrease in the responsiveness of this system. That 
this is not on the basis of adrenal exhaustion was shown by the fact that 
in our patient the capacity to respond to ACTH remained grossly intact 
throughout the entire course of ICT. 

During the month following completion of ICT, urinary 17-OHCS levels 
decreased to values approximately half those of the pre-insulin control 
period. Urinary 17-KS excretion also had diminished by the end of ICT. 
The reduction in both urinary 17-OHCS and 17-KS values following ICT 
suggests that ICT may result in a depression of basal adrenocortical func- 
tion. 

Following the onset of ICT, there were transient elevations of urinary 
17-KS excretion. As ICT progressed, urinary 17-KS levels gradually de- 
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creased. The 17-KS excretion did not parallel the 17-OHCS excretion, 
particularly over weekends. Whereas urinary 17-OHCS decreased promptly 
on Saturdays and Sundays, urinary 17-KS excretion showed no consistent 
pattern. It would seem that, as ICT is repeatedly administered, adreno- 
cortical secretion of 17-KS precursors may actually decrease or another 
metabolic pathway for these steroids may be preferentially utilized. 

Our findings concerning changes in the eosinophil count agree with those 
of Dohan et al. (20), but the pattern of urinary 17-OHCS excretion in our 
patient is not consistent with their thesis that compensatory adrenocortical 
activity on weekends results in a lowered eosinophil count on Monday as 
compared to the preceding Friday. Recent studies (14, 21) have revealed 
that factors other than alterations in adrenocortical secretion may play an 
important role in the regulation of circulating eosinophils. 
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HYPOCALCEMIC HYPERCALCIURIA DURING 
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ABSTRACT 

Hypocalcemic hypercalciuria during vitamin D and dihydrotachysterol 
therapy is reported in 10 patients with postoperative and idiopathic hypopara- 
thyroidism. This phenomenon was not observed in 6 patients with pseudohy- 
poparathyroidism. A direct effect of vitamin D and dihydrotachysterol in 
decreasing tubular reabsorption of calcium is the most likely cause of such 
hyperealciuria and may represent a fourth action of vitamin D. In view of the 
common occurrence of hypocalcemic hypercalciuria, the presence of calcium 
in the urine (Sulkowitch test) cannot be regarded as a reliable guide to the 
therapy of hypoparathyroidism. 


T IS generally recognized that urinary calcium ordinarily varies with 
‘iL the level of serum calcium. Thus, during hypocalcemia urinary calcium 
is usually extremely low (less than 50 mg. per twenty-four hours); during 
hypercalcemia there is usually hypercalciuria (more than 200 mg. per 
twenty-four hours)'; and when serum calcium levels are normal, urinary 
calcium excretion is usually intermediate. Patients with hypoparathyroid- 
ism characteristically present hypocalcemia and hypocalciuria before 
treatment, but during treatment we have often observed urinary calcium 
excretion that is excessive despite low levels of fasting serum calcium. 
This phenomenon of hypocalcemic hypercalciuria, previously observed by 
Albright (2), Leifer and Hollander (3) and Howard (4, 5), appears to be 
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1 A notable exception to this rule is the lack of hypercalciuria despite hypercalcemia 
in the milk-alkali syndrome (1). 
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a frequent occurrence and may be persistent in a given individual. The 
occurrence of hypercalciuria associated with hypocalcemia in hypopara- 
thyroid patients treated with vitamin D and dihydrotachysterol suggests a 
direct renal effect of these compounds, and further indicates that sympto- 
matology and the results of urinary Sulkowitch tests (6) are inadequate 
clinical guides in the treatment of hypoparathyroidism. 


CLINICAL MATERIAL AND METHODS 


A study was made of patients treated for hypoparathyroidism in Dr. Fuller Albright’s 
clinics and office at the Massachusetts General Hospital]. All those whose records showed 
simultaneous quantitative measurements of 24-hour urinary calcium and fasting levels 
of serum calcium and phosphorus were included in this report. In 12 of 21 such patients, 
hypoparathyroidism had developed following thyroid surgery; 3 others had idiopathic 
hypoparathyroidism, and 6 had pseudohypoparathyroidism (7). All were treated with 
vitamin Dz in oil, or dihydrotachysterol, or both. In addition, supplemental calcium 
was given, as the lactate, chloride or gluconate salt, and phosphorus intake was limited 
by avoidance of milk and cheese in the diet and in some instances by the administration 
of aluminum hydroxide gel. 

“Serum and urinary calcium levels were determined by the method of Fiske and Logan 
(8) and by a modification of the method of Elliot (9). Phosphorus levels were determined 
by the method of Fiske and SubbaRow (10). The normal range of fasting serum calcium 
values in this laboratory is 8.5 to 10.4 mg. per 100 ml. The normal range of fasting 
serum phosphorus values is 3.0 to 4.0 mg. per 100 ml. in young adults, and slightly 
higher in postmenopausal women (to 4.5 mg. per 100 ml.) and children (to 6.0 mg. per 
100 ml.). With diets containing 100-200 mg. of calcium, the 24-hour urinary calcium 
excretion is 10-60 mg.; with normal diets free of milk, most values are between 50 and 
150 mg.; excretions as high as 250 mg. may be observed in normal persons receiving 
diets with added milk. 


RESULTS 


Figure 1 illustrates the relation between serum and urinary calcium in 
the group of patients studied. Prior to therapy the expected hypocalcemia 
and hypocalciuria were present. As shown in Table 1, in 8 of 12 patients 
with postoperative hypoparathyroidism and in 2 of 3 patients with idio- 
pathic hypoparathyroidism, hypocalecemic hypercalciuria developed dur- 
ing therapy. In none of the 6 patients with pseudohypoparathyroidism 
did hypocalcemic hypercalciuria develop. Data on the 10 patients in whom 
this phenomenon was observed during therapy are summarized in Table 2. 
The predominance of the female sex refiects the higher incidence of thy- 
roid disorders in women since most of the patients had post-thyroidectomy 
hypoparathyroidism. 

The phenomenon of hypocalcemic hypercalciuria does not appear to 
depend upon the type of treatment, since it occurred in patients receiving 
vitamin D alone, dihydrotachysterol alone, and both medications simulta- 
neously. The type and amount of supplemental calcium was variable. We 
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Fig. 1. Concomitant serum and urinary calcium values in 21 patients with hypopara- 
thyroidism. Values represent the average of several determinations in most cases. 
Limits of normal serum calcium concentration are indicated by vertical lines at 8.5 and 
10.4 mg. per 100 ml. The upper limit of normal urinary calcium excretion is indicated 
by a horizontal Jine at 150 mg. per twenty-four hours. Values above and to the left 
of these lines indicate hypocalcemic hypercalciuria. Note that in patients with hy- 
pocalcemic hypercalciuria there was a marked increase in hypercalciuria when the 
serum calcium level was raised to normal limits. (Points joined by lines represent values 
in the same patient.) 


have not observed hypocalcemic hypercalciuria in untreated hypopara- 
thyroidism. Patients 1, 2, 5, 9 and 10 excreted excessive calcium while 
hypocalcemic; they excreted even more urinary calcium when increased 
doses of vitamin D or dihydrotachysterol raised the serum calcium con- 
centration to normal levels. It is noteworthy that Patients 1, 3, 6, 9 and 10 
were asymptomatic despite subnormal serum calcium levels. 


TABLE 1. INCIDENCE OF HYPOCALCEMIC HYPERCALCIURIA IN THE 3 GROUPS 
OF PATIENTS WITH HYPOPARATHYROIDISM 








No. of 
Type of No. of patients with 

hypoparathyroidism patients §=|_————— hypocalcemic 

hypercalciuria 


Sex 








Postoperative 12 8 
Idiopathic 3 2 2 
Pseudo 6 2 0 























Totals 21 
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Patient 3, with the lowest concentration of serum calcium (4.6 mg. per 
100 ml.) had the highest excretion of urinary calcium—1,045 mg. per 
twenty-four hours. There was an associated pyelonephritis at the time of 
maximum hypercalciuria. When the infection cleared, the urinary calcium 
decreased (though not to normal levels) despite a constant dosage of 3.75 
mg. of dihydrotachysterol daily. Values obtained during active in- 
fection are omitted from Figure 1. In Patients 3 and 8, calcium oxalate 
renal stones developed after five and eight years respectively. This is an 
expected complication in cases of hypercalciuria (11). 

Our data were not obtained at sufficiently short intervals to define more 
accurately the duration of treatment before the development of hypo- 
calcemic hypercalciuria, and we have no data regarding disappearance of 
hypocalcemic hypercalciuria following discontinuation of therapy. In 1 
patient, the serum calcium level measured at two different times in the 
postabsorptive state did not differ from the fasting hypocalcemic value. 
This patient excreted 264 mg. of calcium in the 24-hour period covered by 
these determinations. 

There was no obvious relationship between the level of the serum phos- 
phorus and the urinary calcium. The concentration of total protein in the 
serum was normal in the 9 cases of hypocalcemic hypercalciuria in which 
it was measured. 


DISCUSSION 


According to Albright (1), vitamin D and dihydrotachysterol raise the 
serum calcium level toward normal in hypoparathyroidism by increasing 
absorption of calcium from the gastro-intestinal tract (first action of 
vitamin D), and by increasing bone reabsorption through increased uri- 
nary excretion of phosphorus (second action of vitamin D). The increase 
in urinary calcium has been assumed to be secondary to the increased 
concentration of serum calcium. Henneman ei al. (12) have presented evi- 
dence for a possible third action of vitamin D-like compounds, namely, 
increased intestinal absorption of nitrogen, sodium, potassium and mag- 
nesium. Hypocalcemic hypercalciuria may represent a fourth action of 
vitamin D, namely, reduction in the tubular reabsorption of calcium. 

The possibility was considered that the hypercalciuria was due to the 
supplements of calcium salts, particularly calcium chloride which is an 
acidifying agent. No relationship between hypercalciuria and the kind or 
amount of administered calcium salt was noted. Howard (4) also reported 
that hypocalcemic hypercalciuria may occur with or without the use of 


supplemental calcium. 
The amount of calcium per twenty-four hours filtered by the glomeruli 
is probably about 10 grams, and 99 per cent of this calcium is reabsorbed 
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by the tubules. Urinary calcium could be increased to 300 mg. per day by a 
3 per cent reduction in tubular reabsoption—an increase which could other- 
wise be accomplished only by the much less likely means of tripling of 
glomerular filtration rate or concentration of diffusible calcium. Indeed 
Hopkins and co-workers (13) failed to demonstrate a disproportion in ul- 
trafiltrable calcium in patients with hypoparathyroidism receiving vitamin 
D therapy. Unpublished data of Dawson from our laboratory do not show 
an abnormal proportion of diffusible to nondiffusible calcium in hypopara- 
thyroidism or hyperparathyroidism. Thus a direct effect of vitamin D and 
dihydrotachysterol on the renal tubular reabsorption of calcium appears 
likely. 

It should be noted that the capacity to reduce tubular reabsorption of 
calcium enhances the ‘‘survival value” to the organism of vitamin D, since 
this capacity tends to limit excessive retention of calcium and to reduce 
the likelihood of vitamin D poisoning. 

The possibility of the occurrence of hypocalcemic hypercalciuria must be 
taken into account in the clinical management of patients with hypopara- 
thyroidism. In the past, serum calcium levels were assumed to be satisfac- 
tory when the Sulkowitch test for urinary calcium yielded positive results. 
The present observation regarding hypocalcemic hypercalciuria indicates 
that the presence of calcium in the urine does not necessarily imply normal 
levels in the serum. Neither can a positive result with the Sulkowitch 
_ test be relied upon for the early detection of overdosage with vitamin D 
or dihydrotachysterol. Finally, the absence of symptoms of tetany is not 
a reliable indicator of the absence of hypocalcemia, since low blood calcium 
levels may be well tolerated by many patients with chronic hypoparathy- 
roidism. 

The dangers of hypocalcemia and of hypercalciuria must be weighed in 
deciding the treatment of patients with hypocalcemic hypercalciuria. In 
general we prefer to maintain serur caicium levels in the normal range 
and to rely upon the large urinary volumes resulting from forcing fluids to 
prevent formation of renal stones. 

The failure to observe hypecalcemic hypercalciuria in 6 patients with 
pseudohypoparathyroidism treated with similar doses of vitamin D or di- 
hydrotachysterol is of interest. The postulated defect in pseudohypopara- 
thyroidism is a failure of the tissues to respond to parathyroid hormone. 
These patients respond to the first and second actions of vitamin D, but 
apparently they do not respond to its fourth action—decreasing the tubular 
reabsorption of calcium. 
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ABSTRACT 


C'-progesterone was injected intravenously into 9 human subjects, 4 of 
whom had bile fistulas. In all subjects, slightly over 50 per cent of the radio- 
activity was excreted in the urine. At least 40 per cent of the urinary radioac- 
tivity was in the form of glucuronidates and over 60 per cent of the radioactive 
metabolites were extractable from the urine following all hydrolytic procedures. 
Nearly 30 per cent of the radioactivity was excreted in the bile, mostly as 
conjugates and metabolites not extractable following the various hydrolytic 

. procedures. The amount of radioactivity excreted in the stools averaged 13 per 
cent and 3 per cent in the non-fistula and fistula subjects, respectively. The 
recovery of the total radioactivity in the urines and stools of the non-fistula 
subjects averaged 67 per cent, in contrast to the 82 per cent recovered in the 
urine, bile and feces of the bile-fistula subjects. These data are most consistent 
with substantial biliavy excretion of metabolites of progesterone, consequent re- 
absorption of a major part of the metabolites, and excretion of the remainder 
in the stools. Seemingly, the reabsorbed biliary metabolites were not excreted 
in the urine. 

The unconjugated steroids, following the intravenous administration of 
C'-progesterone, were cleared from the plasma at two rates with half-lives of 
twenty and ninety minutes, respectively. The levels of glucuronidate in the 
plasma were eight times as high as those of the unconjugated steroids within 
fifteen minutes following the injection of C'*-progesterone, indicating rapid 
metabolism of the steroid. The radioactivity levels in the sulphate fraction 
of the plasma were much lower than those in the glucuronidate fraction. 




























INTRODUCTION 


ITTLE was known about the metabolic fate of progesterone in human 

subjects prior to the availability of labeled steroids. Thus, only about 
a third of administered large doses of progesterone could be accounted for 
in the urine as known metabolites (pregnanediol and related compounds) 
(1-3). In addition, small amounts of pregnanediol were found in the bile 
and feces following the administration of massive doses of progesterone or 
its related compound, pregnenolone (4-6). 
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Shortly following the synthesis of C-labeled progesterone, studies per- 
formed in animals (mice, rats) indicated that the preponderant part of the 
radioactivity following the injection of C'*-progesterone could be recovered 
in the urine and feces, with the latter containing most of the radioactivity, 
indicating probable biliary excretion of radioactive metabolites of the in- 
jected progesterone (7-11). 

Several studies with C'-progesterone in human subjects have been 
reported. Gallagher and his associates (12, 13) determined the excretion 
of radioactive metabolites following the intramuscular or intravenous 
administration of radioactive progesterone. In seven days 61 per cent of 
the radioactivity was recovered from the urine and feces in one of the 
subjects who received intramuscular injections. Davis et al. (14) injected 
28.1 microcuries (uc.) of C'-progesterone intramuscularly into a pregnant 
woman and found 25 per cent and 28 per cent of the radioactivity in the 
urine and feces, respectively. Wiest, Fujimoto and Sandberg (15) briefly 
reported on the biliary and urinary excretions of radioactivity following 
the intravenous injection of C'-progesterone into a woman with T-tube 
drainage of bile. Of the administered radioactivity, 64 per cent was ex- 
creted in twenty-four hours—42 per cent in the bile and 22 per cent in the - 
urine. 

In this paper we wish to present data on the distribution of radioactivity 
in the bile, feces and urine following the intravenous injection of C'- 
progesterone into 9 human subjects. The rates of clearance from the blood 
of the unconjugated steroids and their conjugated metabolites will also 
be presented. 

METHODS AND MATERIALS 

A dose of 1-2 ue. of 4-C'-progesterone (5 ue. per mg.) was injected intravenously 
into 9 subjects—4 males and 5 females. The C'*-progesterone! was chromatographed 
on paper before use, the radioactivity located with an Actigraph (Nuclear-Chicago), 
and the Rf compared with that of authentic progesterone. Only samples with a purity 
greater than 95 per cent were used in the experiments. All of the subjects were in good 
nutritional status and none had evident renal or liver dysfunction or more than a mild 
anemia (hemoglobin concentration not less than 11 Gm. per 100 ml.). The C'*-proges- 
terone was dissolved in 1-2 ml. of absolute alcohol and then diluted with 30-50 ml. of 
physiologic sodium chloride, which was injected intravenously over a period of one to 
two minutes. 

Three of the females and one of the males had bile fistulas. T-tube drainage of bile 
was establish: in the fistula subjects following cholecystectomy for cholecystitis and/ 
or cholelithiasis. In all of these patients, results of liver function tests were normal 
preoperatively. The steroids were injected after the patient’s condition had become 
stabilized without fever or other complications and after normal oral intake of fluids 
and food had become re-established—never sooner than three days postoperatively. 
The methods for collection and processing of urine, bile, feces and blood, the de- 





1 The C'-progesterone was purchased from Raychem Laboratories, Elmsford, N. Y. 
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termination of radioactivity, and the various hydrolytic and extraction procedures have 
been described in previous publications (16,17). The total radioactivities in urine and 
bile were determined in a dual-channel liquid phosphor scintillation counter (TMC 
Model LP-24), and all other radioactivities were determined by the gas-flow counter 
method (17). 

Throughout this paper the word “unconjugated” will refer to steroid metabolites 
which are extractable with ether or chloroform before performance of any hydrolytic 
procedures; the ‘‘glucuronidates,” to steroid metabolites which become extractable with 
ether or chloroform following 6-glucuronidase hydrolysis; and the “‘sulfates,” to steroid 
metabolites which are recovered by continuous extraction with ether for forty-eight 
hours at pH 1. 


RESULTS 


In Figure 1 is shown the percentage of the injected radioactivity ex- 
creted in the urine, feces and bile following intravenous injection of 4-C'- 
progesterone. The amount excreted ,,_ 
in the urine by the 5 non-fistula sub- ® ‘= La 
jects ranged from 46 to 59 per cent is ree ee 
(average, 52 per cent). The 4 bile- 
fistula subjects excreted from 38 to 
70 per cent (average, 53 per cent) 
of the radioactivity in the urine. 
The urinary excretion of total radio- 
activity during certain time-periods 
following injection of C**-proges- 
terone is shown in Figures 2 and 3, 
as well as the amounts of steroid 
metabolites extractable following 
various hydrolytic procedures. Less 
than 5 per cent of the injected C'- 
progesterone was excreted as un- : aT 
conjugated metabolites, indicating Fia. 1. The percentage of radioactivity 

: excreted in the urine, stool and bile follow- 
that over 95 per cent of the radio- ing administration of 4-C'-progesterone. 
activity in the urine appeared in 
conjugated metabolites. Following 8-glucuronidase hydrolysis approxi- 
mately 40 per cent of the conjugates became extractable with ether or 
chloroform. On the average, the non-fistula subjects excreted more glucuron- 
idates in the urine (45 per cent) than the bile-fistula subjects (32 per cent). 
On the other hand, the latter subjects excreted 19 per cent of the radio- 
activity in the urine as “sulfates,” in contrast to 6 per cent in the non- 
fistula group (average for the total group, 12 per cent). The amount of con- 
jugates hydrolyzable by hot-acid was similar in both groups (5 per cent). 
A little over 60 per cent of the radioactivity in the urine was extractable 
following all hydrolytic procedures. 
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Fig. 2. Excretion of radioactivity in the urine of the non-fistula subjects following 
the injection of C'-progesterone. In this, and in the following two figures, the numbers 
on the abscissa refer to the hour following the injection of the C'*-steroid when the 
collection was terminated. The 72-hour, 96-hour and 120-hour urine samples of Subjects 
J.P., B.W., A.S., J.A., and the 48-hour and 72-hour samples of Subject R.C. were not 
treated by hydrolysis or extraction. 


The excretion of radioactivity in bile is shown in Figure 4. Approximately 
30 per cent of the injected radioactivity was excreted in the bile, preponder- 
antly during the initial twelve hours following injection. Only 24 per cent 
of the radioactive metabolites in the bile were extractable following all 
hydrolytic procedures, in contrast to 60 per cent in the urine. Almost no 
unconjugated metabolites were present in the bile and most of the ex- 
tractable metabolites occurred in the hot-acid fraction. This pattern was 
in contrast to that of the urine, in which most of the extractable metab- 
olites were present as glucuronidates. The rate of urinary excretion of 
radioactivity was highest during the initial 4-hour and 12-hour periods, and 
declined logarithmically thereafter. Consequently, on the average, the 
largest total amount of radioactivity was excreted during the initial twelve 
hours following the injection of C'*-progesterone. These was no appreciable 
difference in the rates of urinary excretion of radioactivity between the 
non-fistula group and the bile-fistula subjects. 

The amount of radioactivity excreted in the feces of the non-fistula sub- 
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jects varied from 8 to 17 per cent (average, 13 per cent), whereas the 
amount in the feces of the bile-fistula subjects varied from 0.8 to 6.0 per 
cent (average, 3 per cent). The fairly large excretion of radioactivity in the 
stool of Subject C. M. was due to the escape of some of the bile into the 
gastro-intestinal tract, as the stools in this case were not acholic. 

The total radioactivity excreted over a period of three to five days in 
the urine and feces of the non-fistula subjects ranged from 61 to 71 per 
cent (average, 65 per cent). In the bile-fistula patients, the total radioactiv- 
ity excreted over a period of two to five days in the urine, bile and feces, 
ranged from 75 to 95 per cent (average, 82 per cent). 

The clearance of unconjugated radioactive steroids from the plasma 
following injection of C'*-progesterone is shown in Figure 5 and Table 1. 
For the sake of comparison and uniformity, it was assumed that each sub- 
ject’s blood volume constituted 9 per cent of his body weight—5 per cent 
plasma volume, and 4 per cent total red blood cell mass. The results are 
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Fig. 3. Excretion of radioactivity in the urine of the T-tube subjects following the 
administration of C'-progesterone. The 72-hour, 96-hour and 120-hour samples of 
Subjects C.W. and C.M., and the 24-hour, 48-hour, 72-hour and 96-hour samples of 
Subject I.R. were not treated by hydrolysis or extraction. 
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Fig. 4. Excretion of radioactivity in the bile of 4 subjects. The 48-hour bile sample 
of Subject S.L., the 72-hour, 96-hour and 120-hour samples of Subject C.W., the 72- 
hour sample of Subject C.M., and the 48-hour, 72-hour and 96-hour samples of Subject 
I.R. were not treated by hydrolysis or extraction. 


expressed as the percentage of the injected radioactivity present in the 
total plasma volume or red blood cell mass. From Figure 5 it may be seen 
that the unconjugated steroids were cleared from the plasma at two dif- 
ferent rates, with half-lives of approximately twenty and ninety minutes, 
respectively. The glucuronidate levels in the plasma were at least 8 times 
as high as the levels of unconjugated steroids within fifteen minutes follow- 
ing the injection of C'*-progesterone; the glucuronidate levels decreased 
slowly thereafter (Fig. 5 and Table 2). No radioactivity was found in the 
unconjugated steroid fraction twenty-four hours following the injection, 
whereas the glucuronidate fraction contained small amounts of radioactiv- 
ity at that time—0.2 per cent in Subject J.P., 1.0 per cent in Subject I.R., 
and 1.6 per cent in Subject B.W. 

The counts of radioactivity in the “sulfate” fraction of the plasma are 
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shown in Table 3. The values were, 
on the average, yy to 25 as high as 
those in the glucuronidate fraction. 
In general, the counts represented a 
small part of the radioactivity in the 
plasma. No significant radioactivity 
was detected in the “sulfate” frac- 
tion twenty-four hours after the in- 
jection. Negligible amounts of radio- 
activity were present in the plasma 
following hydrolysis by strong acid 
and heat. 

The radioactivity associated with 
the red blood cells is shown in Table 
4. It should be pointed out that the 
radioactivity extracted from the 
erythrocytes represents the total 
number of counts without subse- 
quent hydrolytic procedures. From 
the data, it can be seen that some 
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Fic. 5. The mean clearances of radio- 


radioactivity may be associated 
with the red blood cells, although 
the amount is almost negligible. 
The radioactivity present in the 
protein residues is also shown in 


active unconjugated and glucuronidated 
steroid metabolites from the plasma of the 
group following intravenous injection of 
C'4-progesterone. Note the initial rapid 
rate and subsequent slower rate of clear- 
ance of the labeled unconjugated metab- 


Table 4. As the calculations are 
based upon the counts made on the 
combined protein residues, the re- 
sults are only a rough approximation of the radioactivity associated with 
the plasma proteins. Nevertheless, it is apparent that the amount of radio- 
activity ussociated with the proteins is low in comparison with that in 
the extractable fractions of the plasma. 


‘ 


DISCUSSION 


The recovery of over 50 per cent of the radioactivity in the urine follow- 
ing administration of C'-progesterone indicates the presence in the urine 
of hitherto unrecognized metabolites and conjugates of progesterone, since 
past studies with large doses of unlabeled progesterone resulted in the re- 
covery of 10-20 per cent of the steroid as known metabolites (1-3). Even 
more striking are the findings in the bile. In the past, with the use of 
large amounts of injected unlabeled progesterone or pregnenolone, only 
traces of metabolites were found in the bile (4-6). In the present study 


olites. 
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TABLE 1, RADIOACTIVITY LEVELS IN THE UNCONJUGATED STEROID FRACTION 


OF PLASMA FOLLOWING INJECTION OF 4-C'~PROGESTERONE 
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TABLE 2. RADIOACTIVITY LEVELS IN THE GLUCURONIDATE FRACTION OF 
PLASMA FOLLOWING INJECTION OF 4-C!4-PpROGESTERONE 
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TABLE 3. RADIOACTIVITY LEVELS IN SULFATE FRACTION OF PLASMA 
FOLLOWING INJECTION OF 4-C'4-PROGESTERONE 








Subject 


Per cent of injected dose present in total plasma volume 
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TABLE 4, TOTAL RADIOACTIVITY LEVELS ASSOCIATED WITH THE ERYTHROCYTES 
AND PLASMA PROTEINS FOLLOWING INJECTION OF 4-C'4-PROGESTERONE 








P td : Per cent 
er cent of dose present in total red cell mass ‘dimagit 
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nearly 30 per cent of the radioactivity was recovered in the bile, and in a 
previously published report over 40 per cent was recovered in the bile 
in twenty-four hours (15). Moreover, approximately 40 per cent of the 
radioactive metabolites of C'*-progesterone in the urine were extractable 
following 6-glucuronidase hydrolysis, in comparison to the very small 
amounts of glucuronidates in the bile. Furthermore, over 60 per cent of 
the metabolites in the urine were extractable following all hydrolytic pro- 
cedures, in comparison to 24 per cent in the bile. This finding would indi- 
cate the presence in the bile of unrecognized conjugated metabolites. 

The data presented indicate that the amount of radioactivity excreted 
in the urine by the non-fistula subjects and by the T-tube patients was 
similar. On the other hand, the recovery of the total radioactivity was 
different in the two groups: the non-fistula subjects excreted a total of 65 
per cent in the urine and feces, whereas the bile-fistula subjects excreted 
82 per cent in the urine, bile and feces. The recoveries in the former group 
were similar to those observed by Gallagher et al. (12, 13), who found 61 
per cent of the radioactivity in the urine and stools (collected for seven 
days) of a woman who received an intramuscular injection of 4-C-proges- 
terone. In another patient who received 4-C'*-progesterone intravenously, 
37 per cent of the dose appeared in the urine in three days following the 
injection. Wiest, Fujimoto and Sandberg (15), however, recovered 64 per 
cent (22 per cent in the urine and 42 per cent in the bile) of the injected 
radioactivity in only twenty-four hours following the intravenous adminis- 
tration of C'-progesterone to a woman with T-tube drainage of bile. The 
higher recovery of injected radioactivity in the bile-fistula group is related 
to the collection of bile, since urinary radioactivity was similar in both 
groups. 

The recovery of radioactivity in the urine and feces of the non-fistula 
subjects following the intravenous injection of C-progesterone is the 
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lowest for any C'-labeled steroid injected. Thus, nearly 90 per cent of C- 
labeled cortisol, testosterone or 118-hydroxyandrostendione is excreted in 
the urine in forty-eight to seventy-two hours after the injection (17-21). 
Approximately 80 per cent of C-labeled corticosterone, cortisone acetate, 
estradiol or estrone is recovered in the urine (16, 19, 22). That the recovery 
of only 50 per cent of the radioactivity of C'-progesterone was not due to 
slow metabolism of the steroid or its avid binding to plasma proteins is 
demonstrated by the rapid clearance of unconjugated steroids from the 
plasma and the absence of any significant amount of conjugated steroids 
in the plasma twenty-four to forty-eight hours after the injection. 

Based on the data of the experiments presented, an hypothesis regarding 
the fate of injected C'*-progesterone may be formulated. About 50 per 
cent of the injected radioactivity is excreted in the urine, primarily as 
metabolites conjugated with glucuronic acid. Nearly a third is excreted in 
the bile, primarily as unknown conjugated metabolites. A substantial part 
of the radioactive metabolites in the bile is reabsorbed from the gastro- 
intestinal tract, since only 40 per cent of the radioactivity injected is 
excreted in the feces over an extended period of time. The reabsorbed 
biliary metabolites are again involved in the hepato-biliary-enteric circu- _ 
lation, to repeat the cycle just described. 

Only small amounts of the reabsorbed metabolites from the gastro- 
intestinal tract appear in the urine. This statement may be supported by 
several observations. The rates of urinary excretion and the amounts of 
radioactivity were similar in the non-fistula and the bile-fistula groups. 
In comparison, the results of previous studies (17) indicated that: 1) when 
estrone or estradiol (the metabolites of which are largely excreted in the 
bile) were administered, the urinary excretion of radioactivity was sig- 
nificantly less in bile-fistula subjects than in non-fistula subjects, and 2) 
the urinary excretion of estrogenic metabolites in the fistula group was 
rapid and essentially complete within twenty-four hours, whereas non- 
fistula subjects had the largest amount of radioactivity in the 24-hour and 
48-hour urinary samples, due to excretion of reabsorbed biliary metabolites. 
Additional evidence is the amount of radioactivity recovered in the stools. 
The amount of radioactivity in the stools following injection of C'-proges- 
terone is higher than that observed following administration of any other 
steroid. Indeed, Davis et al. (14), in a study of a pregnant woman who re- 
ceived an intramuscular injection of C'-progesterone, recovered more (28 
per cent) of the radioactivity in the stools over a ten-day period than in the 
urine (25 per cent) over a thirteen-day-period. In contrast, following the 
administration of C™-estrogens, about 50 per cent of the radioactivity is 
excreted in the bile, yet only 7 per cent appears in the stool of non-fistula 
patients (17). The high fecal excretion of. radioactivity in the stools fol- 
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lowing administration of C'-progesterone may be due to several factors. 
First, there is no absorption of the biliary metabolites from the gastro- 
intestinal tract, as a substantial amount of the radioactive metabolites is 
destroyed by the bacteria of the gastro-intestinal tract. A second possibility 
is entero-hepato circulation without urinary excretion of the reabsorbed 
metabolites, each hepato-enteric recirculation contributing its part to the 
fecal radio-activity. If retention by tissues occurred, there would be a fur- 
ther delay in fecal excretion. In this connection, a recent publication by 
Plotz and Davis (23) is of interest. These authors administered C'*-proges- 
terone intramuscularly to 3 pregnant women preceding therapeutic abor- 
tion and examined the distribution of radioactivity in the maternal and fe- 
tal tissues. The highest concentration of radioactivity was found in the 
maternal fat. Approximately 18 per cent, 34 per cent, and 20 per cent were 
found in the calculated total body fat twelve, twenty-four, and forty-eight 
hours respectively after administration of the labeled steroid. Plotz and 
Davis explained the delayed excretion of progesterone metabolites after in- 
travenous injection on the basis of prompt diffusion of progesterone and/or 
its metabolites into the fat compartment of the body. It is possible to pos- 
tulate, on the basis of the data of our experiments, that the reabsorbed 
biliary metabolites of C'-progesterone account primarily for the radioac- 
tivity in the body fat. This postulate is consonant with the similar quanti- 
tative excretion of radioactivity in the urine by the non-fistula and T-tube 
subjects and the much higher total radioactivity recovered in the fistula 
group. The latter finding is due to exclusion of the biliary metabolites from 
the gastro-intestinal tract, thus preventing their absorption and distribu- 
tion in, as well as avidity for, the body fat. This may explain the difference 
between the 30 per cent biliary excretion and the 13 per cent fecal excre- 
tion. If these explanations be true, collection of stools for longer periods 
would have resulted in greater recovery of radioactivity. Thus the poor 
urinary recovery of radioactivity in two to five days following administra- 
tion of C-progesterone may be related to the hepato-enteric circulation 
of its metabolites, since the collection of bile results in a substantially in- 
creased recovery of radioactivity. The latter findings are similar to the 
recoveries of radioactivity when C-progesterone was administered to 
animals and all excreta were analyzed (7-11). 
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PITUITARY CHROMOPHOBE ADENOMA AND 
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ABSTRACT 


The case is presented of a 59-year-old woman who apparently died of hyper- 
thyroidism. At autopsy a chromophobe pituitary adenoma was found which 
had destroyed all but about 5 per cent of the normal tissue of the anterior lobe. 
Two possibilities are suggested to account for this association of events. The 
first is that hyperthyroidism may arise and be sustained in’ the presence of a 
sharply decreased mass of, and presumably functional activity of, the anterior 
pituitary. The second is that some chromophobe adenomas in man may be 
functional and may release enough thyrotropin to produce hyperthyroidism. 


T IS not yet established whether Graves’ disease is due to an excess of 
pituitary thyrotropin or to other mechanisms (1, 2). Schneider and 
Gardner (3) observed improvement of severe ophthalmopathy of Graves’ 


disease after transection of the stalk of the pituitary. Albeaux-Fernet and 
coworkers reported improvement of both hyperthyroidism and ophthalmo- 
pathy following hypophysectomy (4). Recently, Adams and Purves (5) 
demonstrated a form of thyrotropin in the blood of patients with Graves’ 
disease which had different properties from those of normal TSH. Werner 
and collaborators (6) concluded from their studies that the level of circulat- 
ing thyrotropin may not be increased in Graves’ disease. 

The occurrence of hyperthyroidism in a patient with a chromophobe 
pituitary tumor and only a fragment of normal anterior pituitary tissue is, 
therefore, of some interest. This interest is strengthened by Fajans’”! report 
(7) of a patient with postpartum panhypopituitarism in whom hyper- 
thyroidism developed. 


CASE REPORT 


N. A. (U.H. #238830; Autopsy #18116), a 59-year-old Russian-born Swedish house- 
wife, was admitted to the Presbyterian Hospital on June 28, 1955, because of intractable 
heart failure of several months’ duration. Family and personal histories were non- 
contributory. Her average weight was 155 pounds. The record of previous health and 
illnesses was also noncontributory, except for a question of rheumatic disease; ‘typhoid 
fever and scarlet fever’ for six months at age 29 with melena and delirium at onset; 
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tender knees at age 12; and “rheumatism” in the ankles and toes at 45, 51 and 57 years 
of age. For ten years, there had been intermittent edema of the feet and ankles with a 
“stasis dermatitis’ of the right foot for the last two years. 

The present illness had begun four months prior to admission with an episode of 
sudden collapse, inability ‘‘to get air,’’ anxiety with fear of death, and some questionable 
precordial pain. After two days, the patient improved and was observed to have an 
irregular heart beat. Anorexia had then developed, with weight loss and an increase in 
the edema so that it involved the legs. This increase had continued slowly despite vigor- 
ous therapy by her family physician. Nonetheless, she lost 40 pounds in the next three 
months. She regained 10 pounds when the edema rapidly increased the month before 
entry. For the two months before admission, there had been cough with blood-streaked 
sputum and elevation of rectal temperature to 100.4° F. at night. 

Upon physical examination the rectal temperature was 100° F.; respiratory rate 36; 
pulse 100 at the cardiac apex, 60 at the wrist; and blood pressure 140/80 mm. Hg. The 
patient looked ill and was slightly dyspneic. The neck veins were distended and edema 
extended up to the hips. There was marked dermatitis and induration of the right 
foot. The thyroid was slightly enlarged and contained 2 firm small nodules on the right 
and a harder small nodule on the left. The breath sounds were diminished at the right 
lung base posteriorly. There was a Grade IV systolic murmur at the apex of the heart. 
Thé spleen was palpable a finger breadth below the costal margin. The results of ex- 
amination were otherwise essentially negative. 

Among the laboratory findings, the following were pertinent: 24-hour thyroidal I"! 
uptake 65 per cent; concentration of serum sodium (direct) 130 mEq. per liter, serum 
potassium 3.7 mEq. per liter, serum precipitable iodine 7.9 ug. per 100 ml., blood sugar 
(two hours after breakfast) 124 mg. per 100 ml., serum total protein 6.8 Gm. per 100 
ml. (albumin 3.6 Gm., globulin 3.2 Gm.), urea nitrogen 9 mg. per 100 ml., serum alkaline 
phosphatase 5 Bodansky units per 100 ml., serum cholesterol (fasting) 81 mg. per 100 
ml.; cephalin flocculation 4+; bromsulphalein retention at five minutes 100 per cent 
and at thirty minutes 55 per cent; prothrombin time, fifteen seconds. The electro- 
cardiographic report was: ‘‘Auricular’ fibrillation, ventricular premature beats and 
diffuse ST depression consistent with myocardial disease and digitalis effect.’”’ The report 
on the 2-meter x-ray film of the heart stated: ‘“Transverse diameter 18 cm., predicted 
diameter 11.6 cm. or a 55% increase, and a pleural effusion in the right hemithorax.” 

The course in the hospital was marked by persistence of heart failure despite all 
therapy. The thyroidal I"! uptake and the serum precipitable iodine values suggested 
the possibility of toxic goiter as the cause of the cardiac failure. A triiodothyronine sup- 
pression test was begun with a dose of 50 ug. daily, but was interrupted when a sharp 
rise in temperature supervened on the third day of the test. The patient died suddenly 
twelve hours later. i 

Anatomic findings. There was a pituitary adenoma, 2 cm. in maximum diameter, 
which had compressed the left optic nerve and had destroyed most of the anterior 
pituitary. The neoplasm was a typical chromophobe adenoma and multiple sections of 
the tumor showed the same cell type throughout. Trichrome staining did not reveal any 
evidence of either basophilic or acidophilic cells, nor were any positive granules seen 
after staining by the periodic acid-Schiff method. A very thin rim of compressed pituitary 
cells was present along the edge of the neoplasm in one area (Fig. 1). In this small 
region, there was a normal distribution of acidophils and basophils. It is estimated 
that less than 5 per cent of the normal bulk of the pituitary was represented by this 
fragment. 

The thyroid was slightly enlarged and weighed about 35 Gm.; it was bilaterally nodu- 
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Fig. 1. Section of pituitary tumor and neighboring normal tissue. The capsule is to 
the left. The small cells adjacent to the capsule are the remnants of normal pituitary; 
the large cells to the right compose the neoplasm. This section is through the area with 


the thickest remnant of normal tissue. (H & EX100.) 


lar, with a calcified nodule in the left lobe. On microscopic examination, the gland was 
cellular and hyperplastic. The alveolar cells were cuboidal or columnar with several 
areas of papillary infolding, and the alveoli contained only small amounts of colloid. 
The colloid had taken the stain poorly and was very pale. In the nodular areas, involu- 


tion of the follicles had occurred. 
The adrenals were atrophic and weighed approximately 13 Gm. There was slight 
but definite narrowing of the cortex (0.8 mm. width), noticeable both grossly and micro- 


scopically. 

The heart was exceptionally enlarged and weighed 590 Gm. There was no evidence 
of intrinsic heart disease on either gross or microscopic examination. 

The other findings of significance were a generalized lymphadenopathy, a hyperplastic 
thymus, early mild cirrhosis and splenomegaly. 


DISCUSSION 

There were many findings to support the view that our patient had hy- 
perthyroidism—the 24-hour thyroidal I*! uptake of 65 per cent; the serum 
precipitable-iodine level of 7.9 ug. per 100 ml. (normal for our laboratory, 
3.5-7.5 ug. per 100 ml.); the enlarged thyroid; the intractable heart failure 
with a huge heart but no evidence of intrinsic cardiac disease; and the 
terminal episode with a rise in temperature and death after twelve hours, 
clinically suggestive of thyroid storm (although the possibility of adrenal 
failure can be raised). In addition, the hyperplastic thyroid, generalized 
lymphadenopathy, thymic hypertrophy and splenomegaly found at au- 
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topsy were consistent with a diagnosis of thyrotoxicosis. Moreover, micro- 
scopic examination of the thyroid indicated that the disorder was toxic 
goiter. Histologically, it appeared more likely that the patient had toxic 
diffuse goiter with incidental nontoxic nodules, than toxic nodular goiter 
in which the nodules were the source of the hyperthyroidism. 

The evidence suggests, therefore, that active hyperthyroidism can be 
sustained in a patient possessing but a tiny fragment of normal pituitary 
tissue. Unfortunately, the pituitary adenoma was unsuspected clinically, 
so that no systematic appraisal was made of the degree of impairment of 
anterior pituitary function. The concentration of serum sodium was 130 
mEq. per liter—a level consistent with inadequate adrenal function, as was 
the mild adrenocortical atrophy observed at autopsy. The relatively low 
concentration of serum potassium (3.7 mEq. per liter) is unusual in adrenal 
failure, but does not exclude it. However, the low serum sodium value 
could as well have been due to chronic heart failure and the related treat- 
ment. There was no loss of secondary sex hair as an index of secondary 
adrenal failure, but such loss may not occur until destruction of the pitui- 
tary is virtually complete. 

Despite the lack of confirmatory evidence, it seems to us unlikely that 
the sma!! remainder of normal anterior pituitary tissue could have secreted 
and continued to secrete an excess of thyrotropin. A tumor causes early loss 
of normal pituitary function by interference with blood supply and pres- 
sure upon living cells, leading to atrophy (8). Moreover, in the monkey, 
surgical removal of only three quarters of the anterior lobe results in pitui- 
tary failure (9). It thus appears likely that the toxic goiter in this patient 
was not associated with excessive release of thyrotropin from the anterior 
pituitary. This interpretation is strengthened by the sequence of events in 
Fajans’ case reported in the accompanying paper (7). His patient had 
documented and clear-cut evidence of inadequate anterior pituitary func- 
tion; nevertheless, she became hyperthyroid. 

For the same reasons, the presence of only a small portion of normal 
pituitary tissue in our patient (and presumably in Fajans’ patient) is diffi- 
cult to reconcile with the existence of an excess of either an abnormal thy- 
rotropin or of a mixture of tropins from the pituitary—the concept postu- 
lated by Adams and Purves as the cause of hyperthyroidism. 

There was a possible alternative source of thyrotropin, however, in our 
patient, namely, the pituitary chromophobe adenoma. This tumor may 
have been secretory and was releasing an excess of thyrotropin. To the 
authors’ knowledge, chromophobe adenomas in man have not been shown 
to be functional.? Although chromophobe tumors have been present in 





2 Subsequent to the submission of our report for publication, the article by Russfield, 
Reiner and Klaus (11) came to our attention. These authors reviewed the pathologic 
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acromegaly, they were either in association with demonstrable eosinonhilic 
elements or were found after the disease has burned itself out. 

Furth (10) induced functional pituitary adenomas in mice by giving 
large doses of I*! and transplanting the tumors into host mice fox several 
generations. He found that some of these tumors were capable of secreting 
enormous amounts of thyrotropin. When the usual staining technics were 
employed the tumor cells appeared chromophobic, but when the periodic 
acid-Schiff (PAS) method was used, stained granules could be seen. Thus 
these cells were not true chromophobe cells, but rather thyrotropes. 

Our patient’s tumor, on the contrary, did not stain with PAS reagent. 
Postmortem delay, however, may have altered the staining reactions of 
the tumor, and the possibility remains that the tumor may have been 
composed of functional thyrotropes. The concept that chromophobe tu- 
mors may be functional in man as well as in the experimental animal, war- 
rants further investigation. 
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and clinical material in patients with excessive growth and chromophobe adenoma and 
concluded that these tumors are amphophilic and that most, but not all, are secretory. 
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ABSTRACT 

A patient with postpartum necrosis of the pituitary is presented, who 
exhibited evidence of panhypopituitarism for fifteen years following uterine 
hemorrhage. Three years after initiation of therapy with cortisone and desic- 
cated thyroid, and eighteen years post partum, thyrotoxicosis developed. 
Active hyperthyroidism persisted, but there was continued evidence of 
_ pituitary insufficiency with respect to secretion of gonadotropic, thyrotropic, 
and adrenocorticotropic hormones. The evidence suggests that excessive 
secretion of pituitary thyrotropic hormone was not the cause of the hyper- 

thyroidism of Graves’ disease in this patient. 


\HE etiology of hyperthyroidism in toxic diffuse goiter, or Graves’ 
disease, remains unknown. It has been postulated by some investiga- 
tors that hyperthyroidism in Graves’ disease occurs as a result of increased 
production and secretion of thyroid-stimulating hormone (TSH) by the 
anterior pituitary gland (1, 2). On the other hand, the work of Werner and 
others suggests that Graves’ disease need not be dependent upon excessive 
secretion of pituitary TSH (3-5). 

The occurrence of hyperthyroidism in a patient with hypopituitarism 
due to postpartum necrosis of the anterior lobe of the pituitary (Sheehan’s 
syndrome) is, therefore, of considerable interest. It is the purpose of the 
present report to describe this patient in detail, since 1) a similar case has 
not been reported, and 2) the observations made in this case raise further 
questions regarding the validity of the concept of excessive pituitary TSH 
secretion in the etiology of hyperthyroidism. 


CASE REPORT 


D. A., a 41-year-old white housewife, was first admitted to the University Hospital 
on July 25, 1951. Her chief complaints were weakness of fifteen years’ duration and 
dizzy spells of one and a half years’ duration. The patient was in good health until 
1936 when, during her second home delivery, she suffered a severe uterine hemorrhege 
causing unconsciousness. She was hospitalized and given blood transfusions. She re- 
mained in the hospital for nine weeks because of weakness. The patient did not lactate 





Received July 16, 1957. 
271 





STEFAN 8. FAJANS Volume 18 


following delivery. Menstruation did not return and the 
shaved pubic and axillary hair did not regrow. Intolerance 
to cold and lack of perspiration developed; the skin became 
dry; and she suffered from chronic constipation. Her ap- 
petite was poor, and she lost weight to 85 pounds; before 
her pregnancy she had weighed 115 pounds. Over the inter- 
vening fifteen years, she remained weak and intolerant of 
exercise. Her weight remained stable at 81 pounds. There 
was complete lack of libido. For one and a half years before 
admission she had symptoms of postural hypotension. 
There were no symptoms of hypoglycemia. 

Physical examination showed an emaciated, middle- 
aged woman with sunken eyes, looking chronically ill (Fig. 
1). Her facial expression was dull. Her height was 66} 
inches, and her weight 81 pounds. The pulse was 64, and 
the blood pressure was 90/50 mm.Hg (in both reclining 
and standing positions). The skin was dry, cold, pale and 
atrophic. There was no axiJlary, pubic or body hair, and 
the eyebrows were sparse. The thyroid gland was not pal- 
pable. The left border of cardiac dullness was 6 cm. from 
the midsternal line. The breasts were small and the geni- 
talia were atrophic. 

The following laboratory data were obtained: hemo- 
globin level 11 Gm. per 100 ml.; red blood cell count 3.6 
million per cu.mm.; white blood cell count 4,400 per 
cu.mm., with 68 per cent polymorphonuclear leukocytes 
and 32 per cent lymphocytes; results of urinalysis and 
stool examination negative; basal metabolic rate —24 per 
cent (pulse 48); serum cholesterol level 203 mg. per 100 
ml.; urinary 17-ketosteroids 0.4 mg. per twenty-four hours; 
level of fasting blood sugar 56 mg. per 100 ml.; serum 

Fic. 1. Appearance of sodium 121 m.Eq. per liter; chloride 96 mEq. per liter; 

patient in 1951. potassium 5.1 mEq. per liter; and CO, combining power 

25 mEq. per liter. The titer of urinary gonadotropin was 

negative at 6 mouse units per twenty-four hours (6). During a Robinson-Kepler-Power 

water test the volume of the overnight urine specimen was 224 ml., and the 4 hourly 

urine volumes following the water load were 10, 7, 9, and 11 ml., respectively. X-ray 
examination of the skull showed no abnormality. 

A diagnosis of postpartum necrosis of the pituitary was made. Treatment was started 
with 15 mg. of cortisone acetate orally per day, 3 to 5 grams of added sodium chloride, 
and 32 mg. and then 64 mg. of desiccated thyroid per day. During this regimen the 
patient experienced an increase in appetite, weight, strength, energy and well-being. 
Within two weeks the BMR was —5 per cent. Symptoms of postural hypotension dis- 
appeared. When the dosage of cortisone was increased to 20 mg. per day she noted 
nervousness, insomnia and palpitation, which were relieved by decreasing the dosage to 
15 mg. per day. In April 1952, her weight was 103 pounds. The dosage of desiccated 
thyroid was increased to 96 mg. a day. One month after initiation of replacement 
therapy marked the onset of occasional scanty menstrual periods. 

During the next two and a half years the patient was seen four times. Because of 
renewed anorexia, weight loss, weakness and intolerance to cold, therapy was changed 
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in August 1954 to 25 mg. of hydrocortisone and 128 mg. of desiccated thyroid a day. 
Methyltestosterone was started in a dosage of 10 mg. bucally twice a day. This program 
produced improvement in well-being. The patient had had no menstrual periods since 
March 1954. Pulse and blood pressure had been normal since initiation of therapy. 
Laboratory determinations yielded normal values for BMR, red and white blood cell 
counts, and levels of hemoglobin, cholesterol, fasting blood sugar and serum electrolytes. 
The titer of urinary gonadotropin was reported as positive at 24 mouse units but nega- 
tive at 48 mouse units per twenty-four hours on one occasion. Bioassays of urinary 
estrogens by the Allen-Doisy method (7) and a modification of the extraction technique 
of Gallagher et al. (8) showed less than 4 rat units per day on several occasions. 

In November 1954, the patient began to complain of nervousness, shakiness, insom- 
nia, palpitation, intolerance to heat and an increase in perspiration. She lost weight in 
spite of an excellent appetite. The pulse was 116, blood pressure 110/64, and weight 893 
pounds. The skin was warm. It was thought that she was receiving too much desiccated 
thyroid and she was advised to reduce the dosage to 96 mg. daily. 

The patient was readmitted to University Hospital on February 23, 1956, with a 
three-day history of sore throat, fever, weakness, decrease in appetite and postural 
dizziness. Symptoms of thyrotoxicosis had persisted. She had been taking hydrocorti- 
sone (35 mg. per day), testosterone cyclopentylpropionate and, by mistake, 192 mg. of 
desiccated thyroid daily. She had had no thyroid for one week before admission. Physical 
examination showed an emaciated, anxious, middle-aged female. The temperature was 
98.6° F., pulse 120, and blood pressure 110/70 reclining, 90/60 standing. The weight 
was 883 pounds. The skin was moist and the scalp hair fine. There was a fine tremor of 
the-hands. Examination of the eyes revealed a stare, lid lag, lagophthalmo3 and weakness 
of the upper outer gaze and convergence. The thyroid was palpable. Blood sugar con- 
centration was 35 mg. per 100 ml. Serum electrolyte values were within normal limits. 
After recovery from the pharyngitis the BMR was +26 per cent, and the serum protein- 
bound iodine (PBI) level was 9.2 ug. per 100 ml. (normal, 3.5 to 7.5 ug.) with inorganic 
iodine 2.4 wg. per 100 ml. (normal, 0 to 3.5 ug.) (9). The diagnoses were upper respiratory 
infection, acute adrenal insufficiency, and thyrotoxicosis factitia due to inadvertent 
excessive ingestion of desiccated thyroid. The patient was discharged on March 5, 1956. 

She was readmitted on March 15, 1956, with mild thrombophlebitis of the left leg, 
which was treated with anticoagulant. The thyroid gland was noted to be diffusely en- 
larged by inspection and palpation. The same eye signs were noted as on February 23. 
Exophthalmometer measurements registered 10.5 (both eyes). After the patient became 
asymptomatic, having had no desiccated thyroid for one month, the BMR was +46 
per cent, the serum PBI level was 14.6 wg. per 100 ml. with inorganic iodine 2.8 ug. per 
100 ml., and the thyroidal radioactive iodine uptake (100 ue. I'*') was 54 per cent. A 
scintigram showed intense but diffuse uptake of I in the palpable lobes of thyroid 
tissue. The titer of urinary gonadotropin was negative at 6 mouse units per twenty-four 
hours and estrogen excretion was 5 rat units per day. 

A diagnosis of hyperthyroidism was made, and the patient was given 300 mg. ol 
propylthiouracil and 1 drop of Lugol’s solution a day. She was discharged on April 18, 
1956. Six weeks after initiation of therapy with propylthiouracil, symptoms of thyro- 
toxicosis had subsided and she had gained 11 pounds in weight. She had stopped taking 
Lugol’s solution. Her pulse was 86 and the skin was cool. The serum PBI level was 4.5 
ug. per 100 ml. with inorganic iodine 2.6 wg. per 100 ml. 

The patient was admitted for re-evaluation on January 8, 1957. She had continued 
to take 25 mg. of hydrocortisone and 300 mg. of propylthiouracil per day. She felt quite 
well but had noted constipation and intolerance to cold. Between July and December 
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1956 she had had 3 scanty menstrual periods requiring 1 pad each. Her weight was 111 
pounds and the pulse rate was 74. The thyroid was smooth, moderately enlarged, and 
similar in size to that observed before administration of propylthiouracil. The skin was 
dry. The BMR was —15 per cent. The serum cholesterol level was 440 mg. per 100 ml. 
and the PBI level was 2 wg. per 100 ml. The titer of urinary gonadotropin was negative 
at 6 mouse units per twenty-four hours, and urinary estrogen excretion was 2 rat units 
per twenty-four hours. Eleven days after discontinuing propylthiouracil therapy the 
serum PBI level was 8.7 vg. per 100 ml. with inorganic iodine 2 wg. per 100 ml. The 
thyroidal uptake of radioactive iodine was 14 per cent in one hour, 28 per cent in two 
hours, and 87 per cent in twenty-four hours. The patient again had insomnia, nervous- 
ness, tachycardia and polyphagia. These symptoms were brought under control on re- 
sumption of propylthiouracil therapy. 

During this admission adrenal function was also re-evaluated. Hydrocortisone was 
discontinued and the patient was given ACTH—intravenously for the first six days, 
then intramuscularly (80-160 units of gel per day) for the next eighteen days. Urinary 
17-hydroxycorticoids (10) rose from a level of 0.8 mg. on the first day of ACTH admin- 
istration to a maximal level of 16.0 mg. per twenty-four hours. After discontinuation of 
ACTH, urinary excretion of 17-hydroxycorticoids ranged between 0 and 0.3 mg. per 
twenty-four hours for the next week, and symptoms of adrenal insufficiency developed. 

On May 26, 1957, blood was obtained for assay of TSH.! No TSH was demonstrable 
in the serum as tested by the stasis tadpole technique. The serum PBI level was 2.6 ug. 
per 100 ml. The patient had continued to take 300 mg. of propylthiouracil and 25 mg. 
of hydrocortisone per day in the interim. The titer of urinary gonadotropin was negative 
at 6 mouse units per twenty-four hours. 

A subtotal thyroidectomy was performed by Dr. M. 8S. De Weese after the patient 
had received 4 drops of Lugol’s solution a day for ten days, and intramuscular hydro- 
cortisone for two days. Before operation the thyroid gland was thought to be diffusely 
enlarged as previously. At operation it was found to be much smaller than estimated 
clinically. Thyroid tissue weighing 12.5 Gm. was resected, which represented approxi- 
mately 80 per cent of the gland. The tissue was uniform throughout, and the consistency 
was slightly firmer than usual. 

Microscopic findings, as reported by Dr. A. J. French, were as follows: “Advanced 
atrophy of the thyroid gland with small focal areas of hyperplasia. Lymphocytic in- 
filtrations are heavy in a few areas. A few lymphoid follicles are present. Colloid is thin 
and scalloped at the margins of the more hyperplastic follicles. It is markedly reduced in 
the more atrophic areas. In these areas the nuclei are hyperchromatic, but not con- 
clusively neoplastic. The focal areas of hyperplasia are consistent with toxic goiter and 
propylthiouracil and iodide preparation.” 


DISCUSSION 


The existence of postpartum necrosis of the anterior pituitary with re- 
sulting hypopituitarism is well-documented in this patient. Following a 
severe hemorrhage and shock at the time of delivery the patient failed to 
lactate and symptoms and signs of gonadal, thyroidal and adrenal insuffi- 
ciency developed. 

Laboratory findings which indicated partial gonadal failure secondary 





1 Kindly performed by Dr. 8. A. D’Angelo, Philadelphia. 
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to pituitary disease were the repeatedly negative titers of urinary gonado- 
tropins and the low urinary excretion of estrogens. After the inititation of 
therapy with steroids and desiccated thyroid the patient experienced a 
few scanty menstrual periods and, on one occasion in 1953, the titer of 
urinary gonadotropin was reported as positive at 24 mouse units. These 
findings are not evidence against postpartum necrosis of the pituitary. 
Patients with Sheehan’s syndrome, in whom at autopsy practically no 
remaining pituitary tissue was found, have had irregular scanty menstrua- 
tion (11) or have become pregnant (11, 12) subsequent to the onset of the 
disease. 

Unfortunately, in 1951 determinations were not made of the serum 

protein-bound iodine level and the thyroidal uptake of radioactive iodine, 
to support the other evidence of secondary hypothyroidism. A BMR was 
—24 per cent. Two weeks after initiation of therapy the BMR had riser 
to —5 per cent. The weight was 87 pounds at that time so that the normal 
BMR was not due to correction of undernutrition. The thyroid gland was 
not palpable, which indicated that it was severely atrophic. Even when 
the thyroid had become palpable and was thought to be diffusely enlarged 
clinically, it was found tq weigh only about 15 grams at operation. The 
mistaken impression of the size of the thyroid after it had become palpable 
was undoubtedly due to the extreme thinness of subcutaneous tissues 
and muscles of the neck. 
_ Secondary adrenal insufficiency has been well substantiated by the labo- 
ratory findings in this patient during the past six years. Prior to therapy 
she had anemia, leukopenia, hypoglycemia and hyponatremia. The uri- 
nary 17-ketosteroids were 0.4 mg. per twenty-four hours and there was 
absence of water diuresis during the Robinson-Kepler-Power tests. In 
1957 the patient was given a 24-day course of ACTH, which cause a defi- 
nite rise in urinary 17-hydroxycorticoids. The absence of a normal rebound 
rise in urinary corticoids following discontinuation of ACTH therapy indi- 
cates pituitary insufficiency with respect to ACTH secretion. On this occa- 
sion, as well as at other times when steroids were discontinued, symptoms 
of severe adrenal insufficiency developed. 

Symptoms and signs of thyrotoxicosis were first recognized in Novem- 
ber 1954. They were thought at first to be due to increased sensitivity to, 
and then due to excessive intake of, desiccated thyroid. In March 1956, 
the diagnosis of Graves’ disease was made when manifestations of thyro- 
toxicosis persisted after the patient had discontinued desiccated thyroid 
for one month. Her thyroid gland had greatly increased in size and the 
radioactive iodine uptake was 54 per cent in twenty-four hours. The serum 
PBI level was 14.6 ug. per 100 m!. and the BMR was +46 per cent. Admin- 
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istration of propylthiouracil readily controlled the manifestations of hyper- 
thyroidism, and discontinuation of this drug was followed by their reap- 
pearance. 

Thus, proof exists that active hyperthyroidism developed and was 
maintained in this patient with postpartum necrosis of the pituitary. At 
the same time there is good evidence for sustained pituitary insufficiency in 
respect to gonadotropic and adrenocorticotropic hormone production. 
Evidence also exists for decreased release of thyrotropic hormone during 
the first fifteen postpartum years. There is suggestive pathologic evidence 
for decreased secretion of thyrotropin, even after the development of hy- 
perthyroidism. Grossly the thyroid weighed only about 15 grams—approx- 
imately half the weight of a normal gland. Microscopically there was 
advanced atrophy of the thyroid with only small focal areas of hyperplasia. 
Moreover, no increase occurred in the size of the thyroid when the patient 
was rendered hypothyroid by administration of propylthiouracil. Thus it 
seems unlikely that the onset of thyrotoxicosis eighteen years post partum 
could have been associated with, and maintained by, excessive secretion of 
pituitary thyrotropic hormone. 

The absence of demonstrable circulating TSH in the patient’s serum sup- 
ports such a view. A similar finding was reported by D’Angelo in 3 cases of 
Simmonds’ disease (13). Since our patient had been rendered mildly hypo- 
thyroid by propylthiouracil therapy, a normal or increased level of blood 
TSH would have been expected if pituitary function were normal in respect 
to TSH release. Purves and Griesbach (14) and De Robertis (15) demon- 
strated thyrotropic activity in the serum of patients with Graves’ disease 
after treatment with antithyroid drugs or surgery. The clinical, biologic 
and pathologic evidence presented suggests that excessive secretion of 
pituitary thyrotropic hormone was not the cause of the hyperthyroidism 
of Graves’ disease in the patient of this report. 

It is interesting that the patient did not have exophthalmos, though 
this sign is by no means a constant finding in Graves’ disease.. Recent evi- 
dence suggests that exophthalmos in Graves’ disease may be due to exces- 
sive secretion of a pituitary exophthalmos-producing substance which is 
closely associated with thyrotropin but separable from it (16). 

The occurrence of hyperthyroidism in a patient with hypopituitarism 
due to postpartum necrosis of the pituitary has not been reported previ- 
ously. However, Werner and Stewart have reported? a patient with hyper- 
thyroidism and a chromophobe adenoma of the pituitary which had de- 
stroyed about 95 per cent of the normal anterior pituitary tissue (17). 





2 In this issue of the Journal. 
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ABSTRACT 


By acetone precipitation and ultrafiltration methods, preparations were 
made from the urines of 3 hypothyroid patients. When administered along 
with bovine TSH in bioassays by the chick thyroid weight and the guinea-pig 
thyroid mean acinar cell height methods, it was found that these preparations 
contained a substance which inhibited the response to TSH. This effect was 
not observed in the bioassay method involving the uptake of P®? by the chick 
thyroid. When 2 of the 3 patients became euthyroid during treatment with 
thyroid hormone, the TSH-inhibitor was not found in the urine. The substance 
appears to be a nondialyzable protein. 


REPARATIONS of human urine containing thyrotropic activity have 

been made by many workers. Estimations of the amount of thyro- 
tropic hormone excreted per unit of time have been made by few. The re- 
cent review by Adams and Purves (1) summarizes such estimates. The 
most recent measurements are those of Currie et al. (2). 


Kriss and Greenspan (3) prepared an extract by ultrafiltration of urine 
from euthyroid and hypothyroid human subjects which increased the 
uptake of P® in the thyroids of day-old cockerels, but their failure to 
obtain a satisfactory dose-response curve suggested the possibility of an 
interfering substance. Postel (4) reported a fraction of human serum which 
interfered with the bioassay of bovine thyroid-stimulating hormone (TSH). 
Sonenberg and Money (5) inactivated bovine TSH by acetylation and 
reported that the acetylated compound could prevent the bioassay of 
TSH. The purpose of this preliminary report is to show that the activity 
of bovine TSH as bioassayed by determination of chick thyroid weight and 
guinea-pig acinar cell height can be abolished or repressed by certain 
preparations from human urine. 


METHODS 


All urine samples contained toluene as a preservative. 
. Procedures for the preparation of urinary fractions 
(a) Acetone precipitation. The Rawson and Starr procedure (6) was modified by 
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discarding the 40 per cent acetone precipitate and collecting the 75 per cent precipitate 
at 5° C. In addition the dried precipitate was dialyzed for three days at 2° C. to remove 
all but trace amounts of chlorides and ammonia as indicated by qualitative tests. 

The nondialyzable extract was centrifuged and the clarified product was lyophilized 
to a light-colored residue which yielded positive results with biuret and Ninhydrin tests, 
The total nitrogen (Kjeldahl) content varied between 8 and 14 per cent for the various 
preparations. The compound was presumed to be heterogeneous, as paper electro- 
phoresis of one preparation had 4 bands. 

(b) Ultrafiltration. The procedure of Kriss and Greenspan (3) was followed. 

II. Bioassay of bovine TSH 

Three bioassay procedures were used. 

(a) The chick thyroid weight bioassay has been described by Smelser (7). Ten chicks 
were used in each group. The following precautions should be taken. Temperature 
variations of more than 10° from 95° F. should be avoided, as such variations prevent 
normal food consumption and cause the chicks to appear refractory to the TSH bio- 
assay. It is necessary to make certain that at the time the thyroids are removed, the 
crops are filled with food. The average gain of body weight in four days should be about 
10 Gm. Another cause for falsification of the bioassay may be the toxicity of the urinary 
preparation; this toxicity can be reduced by dialysis. By eliminating these interfering 
conditions, true inhibitory effects can be observed. 

(b) The P® thyroidal uptake procedure in chicks has been described by Greenspan, 
et al. (8). 

(c) The mean acinar cell height method in the guinea pig has been described by 
Starr and Rawson (9). 

In all these procedures the animals were arranged in such a way that one group 
served as a control and received physiologic sodium chloride (saline) subcutaneously or 
intraperitoneally. Another group received the urinary preparation diluted in saline, 
subcutaneously. A third group received Armour’s bovine TSH in saline, intraperito- 
neally. The fourth group received TSH intraperitoneally, and the urinary preparation 
subcutaneously. 

































CLINICAL MATERIAL 







Patient B.A. (female, aged 63), myxedema. Serum protein-bound iodine (PBI) level, 
1.7 wg. per 100 ml.; 24-hour thyroidal I'*' uptake, 1.5 per cent; basal metabolic rate 
(BMR), —29 per cent. Urine samples were pooled for three weeks. During the last week 
of urine collection the patient received } grain of usp thyroid daily. The acetone pre- 
cipitate from this urine was labeled Sample A. 

Patient A.J. (female, aged 75), hypothyroidism. The serum PBI level was 3.0 ug. 
per 100 ml. Urine was pooled for one week. The acetone precipitate was labeled Sample 
J-1. 

Four months later, the patient was euthyroid (PBI level, 5.9 ug. per 100 ml.) while 
taking 1 grain of usp thyroid per day. At this time the urine was pooled for one week. 
The acetone precipitate was labeled Sample J-2. 

Patient G.P. (male, aged 74), myxedema. Serum PBI level, 2.2 wg. per 100 ml. The 
urine was pooled for four weeks. During the last week of this period, the patient received 
} grain of usp thyroid daily, and the PBI level was 3.1 ug. per 100 ml. The ultrafiltration 
preparation from this urine was labeled Sample P-1. 

After three months of therapy with 1/10 mg. of sodium-t-thyroxine daily the PBI 
level was 5.0 ug. per 100 ml. and the patient appeared clinically euthyroid. Urine was 
pooled for two weeks. The acetone precipitate was labeled Sample P-2. 

A second pool was collected later, and the acetone precipitate labeled P-3. 
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RESULTS 
Bioassay with bovine TSH 


A. Chick thyroid weight 

Sample A was tested twice (Assays 1 and 2, Table 1). On the first run 
2.25 mg. or 0.075 mg. alone did not produce a significant change in thy- 
roid weight when compared with the weight in the saline controls. In the 
chicks also given TSH, a definite reduction in thyroid weight was obtained 
in those simultaneously given a subcutaneous injection of 2.25 mg. of the 
precipitate. This reduction appeared to be statistically significant. The 
administration of 0.45 mg. or 0.075 mg. of precipitate to chicks receiving 
TSH did not produce a significant change in thyroid weight when com- 
pared with the weight in the TSH controls. 

Sample J-1. Injection of 1.65 mg. or 0.33 mg. of precipitate prevented 
the increase of thyroid weight expected from the simultaneously adminis- 
tered TSH. The difference was statistically significant when compared 
with the weight in the TSH controls. No change was observed when com- 
pared with the weight in the saline control. 

Sample J-2. Administration of 1.5 mg. of precipitate did not prevent the 
increase in thyroid weight expected from the simultaneously administered 
TSH. 

Sample P-1. The ultrafiltration precipitate produced a statistically sig- 
nificant decrease of thyroid weight when compared with the weight in the 
TSH controls. No difference was observed when compared with the weight 
in the saline controls. 

Sample P-2. Administration of 1.5 mg. of precipitate produced a statis- 
tically significant increase in thyroid weight when compared with the 
weight in the saline controls. No reduction in response was observed when 
compared with the weight in the TSH controls. 

Sample P-3. Injection of 1.5 mg. of precipitate did not modify the thy- 
roid weight response in the saline controls or in the TSH controls. 


B. Thyroidal uptake of P* 

Sample A. Only sample A was tested. There was.a slight increase of the 
uptake of P®? when compared with that in the saline controls (P, 0.025), 
but it did not affect the increase produced by TSH. 


C. Average mean acinar cell height in the guinea pig 


Sample A. Only sample A was tested. As seen in Figure 1, a definite 
reduction in the mean acinar cell height was obtained when 3 mg. of pre- 


1 We wish to thank Dr. J. A. Hubata of the Armour Laboratories for generous 


supplies of Thytropar. 
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TABLE 1, INHIBITION OF BOVINE THYROTROPIN BY URINARY PREPARATIONS 








Urinary 40-75% 


acetone precipitate Av. chick thyroid weight (mg.—range) 





Subcut. Total intraperitoneal dose of TSH (milliunits) 
Sample dose 
(mg.) 120 750 
Control ‘ ‘ 6.9 (4.6-10.6) | 17.3 (11.8-22.6) 
A . ; .6-6. 3.8*(2.5-5.4) 12.3*(9.5-15.0) 
5. 
5. 











A 7 (4.3-7.4) | 18.5 (10.2-19.3) 
A 3 (3.1-8.2) 




















Control s ; ; .0 (4.8-7.2) 
A : : .8-5.9) : 





Control : ‘ .0) 


J-1 .1 (3.3-6.4) | 4.8*(3.1-8.7) 
J-1 3 (3.2-9.4) | 4.7 (3.4-7. 6.4 (5.8-8. 





Control 0 : .8 (2. 8) 
J-2 ; : .5-6.7) 





Control 4.3 (3.3-7.2) ; 
P-1 9 (1.5-5.2) | 4.7*(3. 





Control 8) 4 (5. 
Pp-2 ; 5 9.4) 4 (4. 





Control 0 4.9 (1.4-8.0) | 7.5 (4. 
P-3 1.5 5.5 (2.6-9.0) | 9.5 (5. 




















* Statistical analysis indicates significant difference from control. 
{ Extract of residue equivalent to 50 ml. of urine per chick. 


cipitate was injected together with 240 milliunits of TSH. The mean aci- 
nar cell height value for B was significantly higher than that for A or for C. 


DISCUSSION 


The acetone preparation was a protein fraction, as indicated by positive 
biuret and Ninhydrin reactions, and by the nitrogen composition 11+3 
per cent. It was heterogeneous, since paper electrophoresis of fraction A 
had four bands. The solubility of the urinary inhibitor preparation was 
similar to that of crude TSH preparations. Both were water-soluble and 
could be fractionated by 40—75 per cent acetone; both were nondialyzable. 
These findings suggest that the inhibitor may be a form of inactivated 
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TSH. The presence of a 1'SH inhibitor substance was demonstrated in 
Samples A, J-1 and P-1 by the chick thyroid weight method, and in Sample 
A by the guinea-pig acinar cell height method. Administration of Sample 
A did not affect the thyroidal uptake of P**. The failure to change the P* 
uptake may have been due to the time factor involved in the technique. A 
single dose of 1 or 4 milliunits of TSH was injected and the bioassay com- 
pleted in six hours when using P**, whereas the other two bioassays called 
for five fractional doses of 120 or 240 miiliunits of TSH in a four-day assay. 
The presence of a TSH-inhibiting substance in these urine samples indi- 
cates the desirability of extensive sampling in order to determine the in- 
cidence in euthyroid, hypothyroid and myxedematous patients. Such a 
study is now in progress. Thus far, in only 3 of 11 hypothyroid patients 
have the urine collections yielded a TSH inhibitor. When 2 of these 3 
hypothyroid patients became euthyroid and were maintained in this state 
for more than three months, the urinary TSH inhibitor could be detected 
no longer (Samples J-2 and P-2, Table 1). Since thyroid therapy had de- 
pressed the endogenous TSH, the inactivating substance may have been 
derived from the thyroid-stimulating hormone. None of the preparations 
studied exhibited toxic effects. There was no difference between compar- 
able groups of chicks and their untreated controls with respect to mortality, 
food consumption, or gain in weight. 
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ABSTRACT 

Clinical and laboratory observations are reported in a 21-year-old man in 
excellent health prior to injury in whom acute adrenocortical insufficiency 
developed after a severe burn. He responded well to hormonal therapy, which 
was not required after skin coverage had been completed. Although the con- 
centration of plasma hydrocortisone and the urinary excretion of 17-hydroxy- 
corticoids were within normal limits, there was persistent failure to respond to 
exogenous ACTH, together with other evidences of adrenocortical abnormali- 
ties. This refractoriness to exogenous ACTH could not be attributed to the 
presence of adrenocortical remnants functioning maximally under the stimulus 
of high levels of circulating ACTH, since the plasma level of ACTH was not 
elevated. Certain speculations concerning the possible nature of this lack of 
response to ACTH are presented. 


N 1953, Brown and associates (1) briefly described 2 patients who mani- 

fested adrenocortical insufficiency during the course of an infectious 
disease but who nonetheless maintained normal plasma concentration and 
urinary excretion of 17-hydroxycorticosteroids both during and after the 
acute episodes. Neither had symptoms of hypoglycemia, and the responses 
to oral glucose tolerance tests were normal. In the absence of acute severe 
stress, both were satisfactorily maintained on minimal salt supplements 
and small doses of desoxycorticosterone acetate (DCA). Neither demon- 
strated a significant diminution in circulating eosinophils or lymphocytes 
or an increment in plasma 17-hydroxycorticoid levels following the intra- 
venous administration of adrenocorticotropin (ACTH). Autopsy in one 
patient revealed extensive bilateral destruction of the adrenal cortices by 
tuberculosis. The authors postulated that the adrenocortical remnants in 
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these patients were functioning maximally and, although capable of sup- 
plying the organism’s demands for adrenocortical hormones under non- 
stressful circumstances, were inadequate when subjected to extreme 
demands. This group of investigators reported several such cases in 1954 
and 1955 (2-4). In 1955 Sayers and co-workers reported 2 patients with 
Addison’s disease, both unresponsive to ACTH stimulation, who exhibited 
normal levels of plasma 17-hydroxycorticoids (5, 6). Christy and associates 
reported 4 similar cases (7). Seven patients with clinical evidence of Addi- 
son’s disease and normal urinary excretion of 17-hydroxycorticoids were 
described by Laidlaw et al. (8). In none of these cases was there a signifi- 
cant change in the number of circulating eosinophils or in 17-hydroxy- 
corticoid excretion following intravenous administration of ACTH. More 
recently, Pedersen and Sundergaard reported a similar case under the 
category of “partially compensated Addison’s disease,’’ and argued that 
“.,. the increased production of endogenous ACTH induced by the 
destruction of the cortical tissue is capable of maintaining the corticoid 
production . . . the remaining corticoid tissue must be assumed to be sub- 
ject to maximum stimulation by endogenous ACTH” (9). Bayliss (10) 
and Dodds, Garrod and Simpson (11) take a similar position. In none of 
these reports, however, were actual determinations of plasma ACTH levels 
presented to substantiate this hypothesis. 

Although pathologic changes in the adrenal cortex have long been recog- 
nized as occurring in some patients who succumb to thermal injury (12), 
to our knowledge there have been no documented instances of acute adren- 
ocortical insufficiency becoming manifest in the early post-burn period.! 

Clinical and laboratory observations are presented in a 21-year-old white 
male in excellent health prior to injury, in whom manifestations of acute 
adrenocortical insufficiency developed following a severe burn. He respond- 
ed well to hormonal therapy, which was no longer required once skin cov- 
erage had been completed. Subsequently, although asymptomatic and in 
apparently robust health, he exhibited persistent failure of response to exo- 
genous ACTH, as well as other laboratory evidence of adrenocortical 
abnormalities. : 


CASE REPORT 


H.W., a 21-year-old soldier and former oil-field laborer, suffered burns involving 
55 per cent of the body surface in a gasoline fire on January 19, 1955, in Munich, Ger- 
many. Third degree burns involved 25 per cent of the body surface and circumferentially 
involved both lower extremities from the inguinal ligaments to the midcalf region. The 





1 Levenson et al. (13) reported a fatal case of Addison’s disease secondary to amy- 
loidosis in a burned patient. In this patient, however, for many months there were 
large areas of unhealed and purulent donor sites as well as infected recipient sites. Addi- 
sonian symptoms first became manifest twelve months after injury. 
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patient’s health had always been robust, and during his seventeen months of military 
service he had gained 10-15 pounds. There was no personal or family history of con- 
vulsions or epileptic episodes—facts pertinent to the subsequent events. 

The patient’s initial course was unusually benign, and within a day after injury 
intravenous fluids could be omitted. He continued to progress satisfactorily until the 
eighteenth day, when gastric dilatation with consequent hypokaliemic metabolic alka- 
losis, dehydration and azotemia developed (Fig. 1). Gastric suction and intensive fluid 
and electrolyte replacement were necessary over the next four days. By the time he was 
evacuated by air transport to the United States he was retaining moderate amounts of 
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Fig. 1. Electrolyte studies during episode of adrenal insufficiency. 
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food and fluids, and on admission to Brooke Army Hospital on day 24, he appeared 
well hydrated. Plasma electrolyte and nonprotein nitrogen concentrations were within 
normal limits. Blood pressure was 112/78 mm. Hg. The areas of second degree burns 
were well healed. Gastric dilatation recurred on day 26, and for the next four days 
suction and intravenous fluids were necessary. The patient was intermittently irrational. 
At this time and subsequently, the urinary concentration and 24-hour excretion of 
sodium and chloride were higher than would have been expected in the presence of such 
large gastric losses (Table 1). 

Gastro-intestinal difficulties were prominent from days 30 to 44. Profound anorexia 
and nausea were constant, and there were frequent periods in which no oral intake could 
be tolerated. X-ray studies of the stomach and small intestine on day 34 revealed no 
abnormality other than delayed gastric emptying. On day 36, under general anesthesia, 
40 per cent of the third degree areas were autografted. Both the take of the grafts 
and healing at the donor site were excellent. 

On day 44, the patient became irrational and his temperature, which had. ranged 
from 100 to 102° F., rose to 104°. He appeared drowsy and lethargic, but responded well 
to questions and obeyed orders. There were no localizing signs. The white blood cell 
count was 13,500 per cu.mm., with 70 per cent polymorphonuclear cells. Urinalysis and 
x-ray examination of the chest revealed no abnormalities. Results of blood and urine 
cultures were negative. Despite the cessation of vomiting and other manifest gastro- 
intestinal losses of electrolytes on day 40, plasma concentrations of sodium and chloride 
on day 45 were 111 mEq. and 77 mEq. per liter, respectively, as compared to 130 
mEq. (sodium) and 92 mEq. (chloride) on day 42. During day 44, urinary sodium 
excretion totaled 263 mEq.? Vomiting and ileus recurred on day 45. During the first 
twelve hours of this day, a total volume of 3000 ml. of isotonic saline was infused, and 
the plasma sodium concentration rose te 120 mEq. per liter. During the next two days, 
despite large infusions of isotonic saline, there was no further rise in plasma sodium 
concentration. On day 47, although the intake of sodium was 711 mEq., sodium balance 
(even without allowances for losses by sweat and exudates) was markedly negative 
because of exceptionally large urinary and gastric losses. 

On the following day, there was a two-minute episode of twitching and unresponsive- 
ness. Plasma sodium and chloride concentrations had slightly diminished. Eosinophil 
counts four hours apart were 187 and 231 per cu.mm., and four hours after the intra- 
muscular administration of 25 units of ACTH (Armour) the count was 204. During 
the first eight hours of this day the patient excreted 302 mEq. of sodium in a urinary 
volume of 1.48 liters (Fig. 2). A 10-mg. dose of DCA was administered intramuscularly. 
Six hours later plasma sodium and chloride concentrations were essentially unchanged. 
Blood sugar concentration was 56 mg. per 100 ml. An additional 10-mg. dose of DCA 
was injected intramuscularly, and over the next six hours an infusion of 50 ml. of hydro- 
cortisone in 250 ml. of 5 per cent sodium chloride was given. During this period there 
was a striking transient water diuresis despite a diminished fluid intake, and a pro- 
nounced and sustained fall in urinary sodium concentration. Blood sugar concentration, 
measured immediately after the episode of twitching and unresponsiveness, was 126 
mg. per 100 ml. 

During day 48, a weight gain of 1} pounds was associated with a positive balance of 
sodium and chloride, and by the following day the plasma sodium concentration had 
risen to 129 mEq. per liter. There were no further gastro-intestinal difficulties. Cortisone 





2 Technical difficulties were encountered in the performance of urinary steroid 
analyses for days 44, 45 and 46, 
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Fig. 2. Fluid and electrolyte response to steroid therapy. 


therapy, 300mg. daily, was instituted on day 49; the dosage was tapered to a mainte- 
nance level o f 150 mg. daily by day 51, and supplementary DCA was not administered 
after day 53. On day 57, after a preoperative booster dose of cortisone, half of the 
remaining granulating areas were autografted. The patient seemed to recover from 
anesthesia satisfactorily, but two hours later suddenly exhibited conjugate gaze to the 
left, dilated pupils and stiffness of the neck, followed by a generalized convulsion lasting 
one to two minutes. Blood sugar concentration at that time was 122 mg. per 100 ml. 
Consciousness was regained in five minutes. Dilantin therapy was instituted, and con- 
tinued for nine weeks. On day 66, after a preoperative booster of cortisone, skin coverage 
was completed under general anesthesia. Cortisone was thereupon gradually reduced 
in dosage, and omitted altogether on day 88. 

Once grafting had been completed, the patient rapidly became ambulatory and 
resumed everyday activities without difficulty. Over the next three months he gained 
30 pounds. Upon physical examination on day 208, at the time of discharge from the 
military service, he was in apparent good health. He weighed 136 pounds and his blood 
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pressure was 106/55. His voice was crisp. No abnormal pigmentation was noted. Axillary 
and pubic hair were within normal limits. The testes were normal in size and shape. 

During the ensuing twenty-seven months, the patient performed heavy physical 
labor for eight to ten hours daily as a cement construction worker in the Texas desert 
without undue fatigue and without salt supplements. Re-examination on day 360 re- 
vealed striking muscular development. His weight was 139 pounds (10 pounds under 
his immediate pre-burn weight). Blood pressure was 112/60. There was no abnormal 
pigmentation. At present, almost three years after the thermal injury, he is leading a 
normal, vigorous and active life. 


LABORATORY METHODS 


Levels of blood sugar, cholesterol, sodium, potassium, chloride, nonprotein nitrogen 
and carbon dioxide, and electrolyte excretions were determined by standard methods. 

For the assay of urinary 17-ketosteroids, the urine was subjected to acid hydrolysis 
and the 17-ketosteroids were measured by the aqueous alcohol reaction of Zimmermann. 
Chromogens were removed by the procedure of Masuda and Thuline (29). Corticoids 
were liberated by glucuronidase-hydrolysis, and measured by the Porter-Silber reaction, 
with cortisone as a reference standard. 

Urinary gonadotropin was prepared by ultrafiltration (30). Serial dilutions were 
assayed in Carwell Farms white mice 21 to 24 days old. A 100 per cent increase in 
uterine weight was considered a minimum response. Control animals were given injec- 
tions of international standard pregnant mare serum and results were expressed as 
international units of pregnent mare serum standard. 


STUDIES DURING CONVALESCENCE 
I. Effects of corticotropin (ACTH) and hydrocortisone infusion 


On day 100, twelve days after the end of steroid therapy, and also on 
days 138-140, 180-182, 189-191, and 361, ACTH was administered intra- 
venously over an eight-hour period. Eosinophil counts and 24-hour uri- 
nary excretions of 17-hydroxycorticoids and of 17-ketostercids were deter- 
mined (Fig. 3). Three different ACTH preparations were utilized in order 
to obviate possible insensitivity to a particular preparation. In order to 
determine whether prolongation of stimulation would be a factor in stimu- 
lating an adrenocortical response, ACTH was administered for’ three con- 
secutive days on three separate occasions. 

Control urinary 17-hydroxycorticoid excretion was consistently normal; 
urinary 17-ketosteroid excretion was normal or slightly depressed. After 
administration of ACTH, there was no increase in urinary 17-hydroxycor- 
ticoids and 17-ketosteroids or any significant decrease in circulating eosino- 
phils. On post-burn day 139, a normal subject received an intravenous dose 
of ACTH equal in amount and drawn from the same ampule as that simul- 
taneously administered to the patient; this infusion elicited the expected 
responses in urinary steroid excretion and in eosinophil count. 

Plasma levels of 17,21-dihydroxy-20-ketosteroids (6) on day 216, prior 
and subsequent to the intravenous infusion of 50 units of ACTH (Parke- 
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Fig. 3. Failure of response to intravenous infusion of 3 
different preparations of ACTH. 


Davis) over a one-hour period, were 7.5 ug. and 9.4 wg. per 100 ml., respec- 
tively. The control plasma hydrocortisone concentration (14) on day 360 
was 22 wg. per 100 ml.; after intravenous administration of 50 units of 
ACTH (Armour) over eight hours it was 9 ug. per 100 ml. This decrease 
was within the limits of diurnal variation (15, 16). 

After two control days, a dose of 50 mg. of hydrocortisone was adminis- 
tered intravenously over an eight-hour period on day 162, and 100 mg. in 
the same manner on day 163 (Fig. 4). On the first day of hydrocortisone 
infusion there was a significant rise in urinary corticoid excretion, while 
the 17-ketosteroid excretion remained unchanged. The eosinophil count 
fell 50 per cent during the infusion period. With the second hydrocor- 
tisone infusion, urinary corticoid excretion dropped to control levels; uri- 
nary 17-ketosteroid excretion was suppressed well below any value previ- 
ously observed in this patient. During the second infusion period there was 
an 82 per cent fall in eosinophils. 


II. Determination of corticotropin and melanophore-stimulating hormone 


In plasma from blood drawn on post-burn days 404 (forty-four days after 
the last ACTH infusion study) and 483 there was no detectable ACTH. 
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Fig. 4. Response of eosinophils and urinary steroid excretion to 
intravenous infusion of hydrocortisone. 


The blood level of melanophore-stimulating-hormone (MSH) on day 360 
was 0.63 units per ml. The titers of both these hormones (presumably 
normal) were in contrast to the high levels usually seen in patients with 
untreated Addison’s disease (17) (Donald H. Nelson, personal communi- 
cation) (Aaron B. Lerner, personal communication). 


III. Carbohydrate tolerance tests 


During days 204-210, after adequate carbohydrate priming, carbohy- 
drate tolerance tests were performed. 

Upon ingestion of 100 Gm. of glucose, the patient’s (fasting) blood 
sugar concentration of 84 mg. per 100 ml. rose to 88 mg. at half an hour, 
90 mg. at one hour, and ¥6 mg. at two hours; it then fell to 71 mg. per 
100 ml. at three hours. Such a flat oral glucose tolerance curve is seen char- 
acteristically, but by no means exclusively, in adrenocortical insufficiency 
(18). 

A 24-hour fast led to no untoward symptoms. The blood sugar concen- 
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tration was 80 mg. per 100 ml. at fifteen hours, 70 mg. at eighteen hours, 
75 mg. at twenty-one hours, and 95 mg. at twenty-four hours when the 
fast was terminated. The finding of a blood sugar concentration higher at 
twenty-four hours than at fifteen hours is common in normal subjects, 
in contrast to the progressive fall in the blood sugar level which fasting 
characteristically brings about in patients with Addison’s disease (19). 

With adequate precautions, an insulin tolerance test was performed (20). 
Following the intravenous injection of 7 units of regular insulin (0.1 unit 
per Kg. of ideal weight), the blood sugar level fell from 79 mg. per 100 ml. 
(control) to 41 mg. at twenty minutes and 36 mg. at thirty minutes; it 
then rose to 47 mg. at forty-five minutes and 53 mg. at sixty minutes, at 
which time severe hypoglycemic symptoms necessitated premature termi- 
nation of the test. Thus, in this patient striking symptoms occurred in the 
presence of blood sugar concentrations not below those found on occasion 
in similarly tested normal subjects who remain asymptomatic. This is in 
accord with the decreased threshold at which hypoglycemic symptoms 
oecur in adrenocortical insufficiency (18). 


IV. Salt deprivation 


A modified Cutler-Power-Wilder test (19) was carried out during days 
210-212. The results were normal—urinary concentrations of sodium and 
chloride on the third morning were 6 mEq. and 18 mEq. per liter, respec- 
tively. 


V. Water load 


A modified Kepler-Power water test (19) was carried out on days 
67-68. The results were normal—overnight volume of urine was 410 ml., 
and one morning hourly specimen measured 465 ml. 


VI. Electroencephalographic studies 


Electroencephalograms on days 82 (when the patient was still receiving 
cortisone and Dilantin) and 207 showed general slowness of the basic pat- 
tern together with moderate build-up during hyperventilation. These 
changes were consistent with the encephalographic abnormalities noted by 
Lewis, Hoffman and Thorn in the majority of their subjects with Addi- 
son’s disease (21). Such abnormalities, however, are by no means specific 
for adrenocortical deficiency. 


VII. Thyroid function 


Several parameters of thyroid function were studied during days 202- 
210. The basal metabolic rates were —12 and —2 per cent. Plasma choles- 
terol concentration was 170 mg. per 100 ml. The serum protein-bound 
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iodine level was 4.7 ug. per 100 ml.; the 48-hour thyroidal uptakes of I!*! 
were 23 and 26 per cent; the 48-hour protein-bound [* conversion ratios 
were 15 and 18 per cent; and the saliva/serum protein radioactivity ratio 
was 1,657 (22). 


VIII. Gonadal studies 


Urinary gonadotropin assay on day 218 showed activity equivalent to 
3 units of international standard pregnant mare serum per twenty-four 
hours. This titer was within normal limits, in contrast to the very low or 
absent titers in hypopituitarism. The sperm count on day 188 was normal 
and the spermatozoa were normal in morphology and motility. 


IX. Roentgenographic studies 


There was no evidence of pulmonary abnormalities on repeated roent- 
gen examination. The cardiothoracic ratio was 10/30 (lower limit of nor- 
mal) on day 208 and did not vary appreciably on other examinations. In 
flat films of the abdomen on days 96 and 360 there was no evidence of 
adrenal calcification. Films of the skull on these days were normal. 


DISCUSSION 


This patient represents, to our knowledge, the first reported case of 


acute adrenocortical insufficiency developing in the immediate post-burn 
period. No explanation for the onset of this condition is apparent, espe- 
cially in view of the unusually benign initial course of the thermal injury. 
The possibility of adrenal tuberculosis was seriously considered. The pa- 
tient’s robust health and weight gain in the year prior to injury, the 
absence of pulmonary abnormalities and of adrenal calcification on re- 
peated roentgen examinations and, above all, the clinical course (without 
tuberculostatic chemotherapy) in the nearly three years which have 
elapsed, all militated against this possibility. The history, the findings on 
physieal examination, and the resuits of endocrine studies of end-organ 
function ruled out primary pituitary insufficiency. 

The patient has continued to exhibit an unusual state of adrenocortical 
function. Whereas several parameters remain entirely within normal limits, 
others point clearly toward latent dysfunction. 

Stresses designed to elicit the status of carbohydrate-regulating mech- 
anisms did not show any consistent pattern in this patient. The oral glu- 
cose tolerance curve was very flat (a characteristic finding in adrenocorti- 
cal insufficiency), and marked hypoglycemic symptoms made it necessary 
to terminate an insulin tolerance test prematurely, although the blood 
sugar concentrations were not below those seen in some normal subjects 
tested in the same manner. The decreased threshold for appearance of 
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hypoglycemic symptoms is also observed in adrenocortical insufficiency 
(18). On the other hand, the patient’s response to a 24-hour fast—a more 
gradual test of ability to regenerate carbohydrate—was entirely normal. 

No residual failure in fluid and electrolyte metabolism could be demon- 
strated. The response to an ingested water load was normal. The ability to 
conserve sodium in the face of drastic restriction of intake was consonant 
with the patient’s capacity for hard physical labor in the Texas desert, 
and contrasted strikingly with the excessive sodium and chloride losses 
which dominated the period of acute adrenal insufficiency. 

The electroencephalographic pattern was typical of Addison’s disease, 
though by no means pathognomonic of that disorder. The abnormal trac- 
ing was noted both while the patient was receiving cortisone and Dilantin 
and many months after the omission of both, at which time urinary and 
plasma steroid values were within normal limits. These findings are of 
interest in view of the report of Thorn and co-workers that the electroen- 
cephalographic disturbances revert to normal in a high percentage of 
patients with Addison’s disease during cortisone maintenance therapy 
(23). 

Following the episode of acute adrenal insufficiency, there were consis- 
tently normal urinary 17-hydroxycorticoid excretion, normal or slightly 
depressed urinary 17-ketosteroid excretion, and normal blood levels of 17- 
hydroxycorticoids and hydrocortisone. The patient repeatedly failed to 
exhibit any response to exogenous corticotropin; nonetheless, for almost 
three years he has performed arduous prolonged physical labor outdoors in 
a hot dry climate without hormonal therapy or salt supplements. 

Of interest, too, were the findings following intravenous hydrocortisone 
infusion. On the first day there was a significant rise in urinary 17-hydroxy- 
corticoid excretion over that of the control period, whereas the 17-keto- 
steroid excretion remained at control levels. On the second day, although 
double the initic] amount of hydrocortisone was infused, urinary corticoid 
excretion fell to control leve.:, and 17-ketosteroid excretion fell well below 
that observed at any other time throughout our studies. There was a 50 
per cent fall in eosinophils during the course of the first infusion and an 
82 per cent fall during the second. 

These urinary steroid data, especially those of the second day are not 
in accord with certain other findings. Sayers and associates (5), after infus- 
ing 2 untreated Addisonians and 1 normal subject with 100 mg. of hydro- 
cortisone in twenty to forty minutes, recovered in the urine over the ensu- 
ing twenty-four hours from 11 to 31 per cent of the infused steroid (as 17, 
21-dihydroxy-20-ketosteroids). Peterson and co-workers (24) reported 
recoveries within the same range following intravenous infusion of 200 
mg. of hydrocortisone over a similar period of time. The possibility that a 
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technical error might account for the discrepancy between our findings 
and those of other investigators was seriously considered. This appeared 
unlikely, however, since in our patient the urine volumes for the days con- 
cerned were within the usual range; moreover, he was a very reliable sub- 
ject who would have noted an error in collection, and no systematic error 
was observed in other urine values determined simultaneously. 

The difference between our observations and those of Sayers et al. and 
of Peterson et al. may be ascribable to the fact that our hydrocortisone 
infusions were given over a period of eight hours rather than twenty to 
forty minutes, or perhaps to a real difference in our patient’s metabolic 
pathways for the disposition of hydrocortisone. With regard to the second 
possibility, it is noteworthy that Sprague and associates (25) observed 
marked diminution in urinary 17-ketosteroids and no change in urinary 
corticoids in some patients receiving 100 mg. per day of cortisone intra- 
muscularly, whereas in other patients there were significant increments in 
urinary corticoids. Sprague et al. conclude that in some patients exogenous 
adrenal steroids can inhibit endogenous adrenocortical secretion, and that 
the measured urinary corticoids and 17-ketosteroids represent metabolites 
of the exogenous steroids. On the basis of this reasoning, it can be argued 
that in our patient inhibition of endogenous adrenocortical secretion on the 
second day was greater than on the first. 

Plasma ACTH levels were not determined in the previously reported 
patients. Despite normal levels of plasma or urinary 17-hydroxycorticoids 
or both, these patients exhibited clinical manifestations of adrenal insuffi- 
ciency together with lack of response to exogenous ACTH. It was reasoned 
that the adrenocortical remnants were functioning maximally under the 
stimulus of high circulating levels of ACTH (1-11). In contrast to the high 
levels which would have been anticipated on the basis of this hypothesis 
and which are usually present in untreated patients with Addison’s disease 
(17) (Donald H. Nelson, personal communication), there was no detect- 
able ACTH in the plasma of our patient. The data in this case, therefore, 
cannot be explained on the basis of adrenocortical remnants functioning 
maximally under the stimulus of high levels of circulating endogenous 
ACTH. Although presently available techniques for the determination of 
plasma ACTH cannot differentiate between levels that are “normal” and 
those that are “low,” they are distinctly applicable to the problem under 
consideration in view of the postulated stimulation of cortical remnants 
by elevated circulating levels of ACTH. 

Alternative explanations for this unresponsiveness to exogenous ACTH 
are apparent but cannot be verified by the evidence at hand. One possibil- 
ity is that the corticotropin-adrenocortical relationship in this instance 
was delicately poised at exactly the point where ACTH levels that are 
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just within the normal range result in maximal secretion of adrenocortical 
hormones. This interpretation is, however, highly improbable, for if this 
patient’s adrenals were functioning maximally in a nonstressful hospital 
environment, one might expect that hard labor in the broiling sun would 
result, not in workmanlike competence but rather in a full blown Addi- 
sonian crisis. More likely would seem the possibility that adrenocortical 
secretion became independent of ACTH regulation. This last hypothesis is 
not invalidated by the probable existence in this patient of the normal 
diurnal variation in the level of plasma hydrocortisone, for Di Raimondo 
has presented data which indicate that diurnal variation in adrenal activity 
is not related to changes in endogenous secretion of ACTH (27, 28). 

The data presented are not consistent with the theory that the normal 
level of plasma hydrocortisone and the normal urinary corticoid excretion 
in this patient were attributable to adrenocortical remnants being max- 
imally stimulated by high circulating levels of endogenous ACTH. 
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ABSTRACT 
A new method is described for the assay of urinary pregnanediol, employing 
enzymatic hydrolysis of pregnanediol glucuronide, ascending paper chroma- 
tography, and spectrophotometry. Analysis of absorption spectra, recovery 
experiments, and replicate assays of urine for pregnanediol establish the sen- 
sitivity, specificity and reliability of the method, which was also shown to 
reflect changing ovarian function during the menstrual cycle. 


ANY methods have been devised to measure pregnanediol in urine, 

both as the sodium glucuronidate (1, 2) and as the free alcohol, 
obtained by acid (3-6) or enzyme (7) hydrolysis of the conjugate. In 
an attempt to improve the specificity of earlier methods, de Watteville (8) 
and Stimmel et al. (9) introduced alumina column chromatography of the 
crude urinary extracts. Recently Klopper et al. (10) reported a still more 
elaborate procedure, which employs column chromatography before and 
after acetylation of extracts. 

Paper chromatography would appear to offer certain advantages over 
column chromatography in an assay procedure for urinary pregnanediol, 
since it resolves complex steroid mixtures more adequately and permits 
simultaneous handling of both standard and unknown solutions under 
identical conditions. To facilitate the use of paper chromatography for 
routine laboratory purposes a simplified apparatus was devised in this 
laboratory (11), and a method was developed to assay pregnanediol by 
ascending paper chromatography. The procedure involves hydrolysis of 
the pregnanediol conjugate with beta-glucuronidase, benzene extraction, 
chromatography on unwashed filter paper and elution with methanol, 
rapid chromatography on silica gel to eliminate filter-paper contaminants, 
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and spectrophotometry after development of color with a mixture of 
sodium bisulfite and sulfuric acid. With suitable modifications the basic 
method can be adapted to the quantitative determination of other steroids 
in biologic fluids. 


MATERIALS AND METHODS 


Apparatus and reagents 

1. The compact stainless-steel paper holder previously described (11). 

2. Ketodase (beta-glucuronidase), Warner-Chilcott. 

3. Acetate buffer, 1.0 M, pH 4.5. 

4. Rapid chromatography solution. Equal parts of methanol (Merck, A. R.), ethyl 
acetate (Merck, A. R.), and methylene chloride (Merck, A. R., distilled over 
sodium carbonate). This mixture can be stored in the cold for several months. 

. Solvent system for paper chromatography (12): iso-octane (Eastman, practical, 
distilled over sodium carbonate) 225 ml., toluene (Baker, A. R., redistilled) 275 
ml., methanol 400 ml. and distilled water 100 ml. After equilibration at room 
temperature, the 2 phases are separated and may be stored in the cold for at least 
three months. 

. Filter paper, Whatman #2—a sheet measuring 183” X 223” divided in half length- 
wise. ° 

. Silica gel, 100-200 mesh, Davison Chemical Co. A 200-gram portion is stirred 
twice with 500 ml. of distilled water, twice with 200 ml. of 95 per cent ethanol, 
and once with 100 ml. of absolute ethanol (Gold Shield, Commercial Solvents 
Corp.). The washed silica gel is spread out on a large sheet of filter paper to dry 
at room temperature for six to twelve hours, then heated in an oven at 150° C. 
for four hours. It may be stored in a desiccator indefinitely. 

. Phosphomolybdie acid solution. A 4-gram portion of phosphomolybdic acid 
(Fisher Certified) is dissolved in 100 ml. of absolute ethanol. The solution may be 
stored in a tightly stoppered brown-glass bottle at room temperature for at least 
three months. 

. Sulfuric acid mixture. Sodium bisulfite (Merck, ‘‘Pure’’) weighing 50-60 Gm. is 
cautiously added to 200 ml. of concentrated sulfuric acid (Mallinckrodt, A. R.) 
in a 1000-ml. beaker, with stirring (fumes!), and allowed to cool. The acid is 
decanted into a small bottle in which it may be stored at room temperature. 
In this mixture the absorbance of pregnanediol at 425 my is more than twice 
that in sulfuric acid alone. 


Hydrolysis 

A 10-ml. aliquot of urine from a 24-hour collection, 1.0 ml. of acetate buffer, and 
3,500 units (0.7 ml.) of Ketodase are incubated at 37° C. overnight (twelve to eighteen 
hours) (13). After hydrolysis, the urine is extracted twice with 10 ml. of benzene and 
the benzene washed twice with 10 ml. of 1.0 N NaOH and twice with 10 ml. of distilled 
water. The benzene layer is separated and evaporated to dryness at 45-50° C. under 
a gentle stream of filtered air. 


Paper chromatography. 


1. Preparation of paper. A large sheet of Whatman #2 filter paper is divided length- 
wise. On the resultant 93” 224” sheet, 3 lines are drawn with a hard pencil 2.5, 5.0, 
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and 9.0 em. from one (narrow) end. The paper is folded on the middle line so that the 
first line faces the operator (short flap up). Pencil marks are made 1.8, 2.8, 6.4, 7.4, 
11.0, 12.0, 15.6, 16.6, 20.2 and 21.2 cm. from the left edge. A free-hand cut with scissors 
is made at each mark from the fold to the first (2.5 em.) line. Another cut is made 
0.4-0.5 em. to the left of the first cut and parallel to it; another at the same distance 
to the right of the second cut; another to the left of the third, and so on. The narrow 
tabs created in this manner are cut away at the top line previously drawn. When the 
paper is unfolded and pressed flat it will be seen that 5 application lanes have been 
formed, each 1.0 cm. wide and 5.0 em. long; the center of each lane is 4.6 em. from the 
next. Sheets of paper are conveniently cut in advance and stored away from sunlight. 

2. Application of extracts. The sheet is inserted into the paper holder with the lanes 
at the bottom. Pure pregnanediol standard (15-25 yg.) is applied to the entire length of 
the left lane, and as many as 4 extracts on the remaining lanes. Extracts may be quanti- 
tatively transferred from flask to paper with methylene chloride in three to four minutes, 
with the use of Pasteur or other pipettes and a hair-dryer to speed evaporation. Both 
standard and extracts are advanced with the solvent front to the starting line—the 
third line drawn 9.0 cm. from the end—by adding 10 ml. of the rapid chromatography 
solution to the baseplate (trough) of the paper holder. This step requires ten to fifteen 
minutes. The remaining solvent is aspirated and the paper dried in the holder under a 
hair-dryer (five minutes). 

3. Chromatography and elution. The stationary solvent phase is added to the tank 
as previously described (11), and the paper holder inserted. After equilibration at room 
temperature overnight, the mobile phase is added to the trough and development is 
allowed to proceed for six hours. Upon completion of chromatography the solvent re- 
maining in the trough is aspirated and the paper dried in the holder with the use of a 
hair-dryer (five to ten minutes). The chromatogram is removed from the holder and four 
vertical lines are drawn 4.6, 9.2, 13.8 and 18.4 cm. from the left edge. The left lane 
containing the standard is cut away, dipped in 5 ml. of the phosphomolybdic-acid 
staining solution, blotted, and heated at 80° C. in a small oven or under a heat-lamp for 
three to five minutes. The solvent front is found to be 34-36 em. from the starting line, 
and the standard, stained blue, to have an R; of 0.5. After measurement of the standard 
spot, horizontal lines are drawn on the remaining chromatogram 1.5 em. above and 
below the standard. Each of the rectangies so drawn, 4.6 cm. in width and 6-7 cm. 
long, is carefully cut out and divided into 16 small pieces, which are inserted into a 
18150 mm. test tube, covered with 5 ml. of methanol, and allowed to elute at least 
three hours or, conveniently, overnight. The methanol is carefully decanted into a 
100-ml. flask and the elution repeated three times at intervals of ten to fifteen minutes 
in order to assure quantitative recovery. The combined methanol eluates (20 ml.) are 
evaporated in a water bath under a stream of filtered air. 

4. Purification of extracts. When washed filter paper is used, the dried paper eluates 
are transferred with distilled methylene chloride to test tubes for the final step. When 
unwashed filter paper is used, as in these experiments, a simple step is necessary to 
remove paper impurities. An ordinary 10-ml. syringe with a 22-25 gauge needle serves 
as a glass column. A plug of washed glass wool is put in the bottom to cover the hole, 
10 ml. of 1 per cent (v/v) ethanol in methylene chloride is added, followed by 3 grams 
of washed silica gel (with stirring), and a glass wool plug to cover the settled silica gel. 
The column is washed with 10 ml. of the same solvent and the eluate from the paper is 
transferred to the column by rinsing the flask in which it was dried with five 2-ml. 
portions of the same solvent. The column is washed with 20 ml. of 2 per cent ethanol in 
methylene chloride, which is discarded, and the pregnanediol fraction is eluted with 20 
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ml. of 7.5 per cent ethanol in methylene chloride. The final cut, collected in a 18150 
ml. test tube, is dried in a water bath under a stream of air (fifteen to twenty minutes). 
Four eluates are conveniently purified simultaneously (thirty to forty minutes.) 

5. Spectrophotometry and calculations. A 2.0-ml. portion of the bisulfite-sulfuric mix- 
ture is added to each unknown, as well as to a test tube containing 20-25 ug. of preg- 
nenediol and to a blank tube. The tubes are rolled to distribute the acid evenly and then 
placed in a boiling water bath for four minutes. After cooling at room temperature for 
fifteen to twenty minutes, the contents of each tube are transferred to 1.2-ml. or 1.5-ml. 
silica cuvettes and read in a Beckman DU spectrophotometer at 390 my, 425 my and 
460 my. Calculations are based upon the use of a correction formula 


O.D. + O.D. 
Corrected O.D.425 = O.D.ae5 — = > “ ’ 





referred to the standard, which is read against the acid blank. A paper blank is not 
necessary. The corrected reading does not appreciably change over a period of several 
hours. 


RESULTS 


Specificity of method 

In the solvent system used, pregnanediol is easily separated from various 
interfering steroids (Fig. 1) such as pregnane-3a,17a,20a-triol (which is 
normally present in urine in small amounts) and from pregnanolone (which 
may be excreted in large amounts during pregnancy), as well as from uri- 
nary pigments, most of which advance with the solvent front. Figure 1 


demonstrates the inability of this 
system to resolve the various iso- 
mers of pregnanediol (not normally 
found in human urine). Thus it is SOLVENT FR —__ 
evident that one-stage paper chro- 
matography cannot separate preg- £- pragnen 
nanediol from all possible steroid ar a 
metabolites in urine. However, its 
high resolving power combined with Allopregnane gaahae 
adequate spectrophotometry and _ Preqnone 
definition of the 425-my. peak per-  jsoeq! io 
mits satisfactory specific measure- pea 
ment of pregnanediol in urine. woe 3A20p- diol 
This is illustrated in Figure 2, in 0 
which it is shown that 10-ml. and soem Woregnane-3,1%20*-trio! 
20-ml. aliquots of urine from an 
amenorrheic adult did not contain |... STARTING LINE. J 
detectable amounts of pregnanediol | | ae a r] [| 
(corrected O.D.4.;=0.000). The LI 
addition of 10 ug. of pure standard = yg, 1. Paper chromatography of preg- 
to 10 ml. of the urine, which was nanediol and related steroids. 
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Fic. 2. Absorption spectra of chromatographed urine extracts, with and 
without added pregnanediol. 


carried through the routine procedure, yielded a satisfactory absorption 
spectrum which paralleled that of 20 ug. of pregnanediol simultaneously 
chromatographed. Figure 3 illustrates the absorption spectrum of a 


J.B. CONGENITAL ADRENAL HYPERPLASIA 


PREGNANEDIOL 
< 24 ug. 


CHROMATOGRAPHED 
EXTRACT, 1Omi. 
URINE 








430 
pm 


450 


Fig. 3. Absorption spectrum of chromat- 
ographed urine extract compared with 
that of pure pregnanediol. 


chromatographed urine extract from 
a patient with congenital adrenal 
hyperplasia. This is considered to 
be a severe test for specificity, since 
10 ml. of this urine, calculated to 
contain 20 wg. of pregnanediol by 
the present method, was found by 
other tests to contain 443 ug. of 
pregnane-3a,17a,20a-triol and 416 
ug. of 17-ketosteroids, of which a 
large percentage was il-oxygenated 
17-ketosteroids. It is apparent that 
these steroid metabolites did not 
interfere with the specificity of the 
procedure. The slight shift of max- 
imal absorbance of the pregnanediol 
fraction from 425 mu. to 415-420 
mu., as seen in Figure 3, is attribut- 
able to contaminants eluted from 
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unwashed filter paper. The absorbances of the latter at different wave 
lengths are noted in Figure 2 (lower 2 curves). Since the contribution of 
these contaminants is eliminated by the use of the correction formula, a 
paper blank is unnecessary. 


Accuracy and reproducibility of method 


Because of the known impurity of available samples of sodium preg- 
nanediol glucuronidate, recovery experiments were limited to the addition 


TABLE 1. RECOVERY OF PREGNANEDIOL ADDED TO URINE EXTRACTS 








Pregnanediol (ug.) 


Specimen 
In extract Added | 


Per cent, 
recovery 











la .28 11.78 : 102. 
1b .28 23.56 ‘ 93. 
2 19 23.56 ; 109. 
3a 10 23. 2 94. 
3b 7.10 23.56 
4a 11.10 ll. A 102. 
4b 11.10 23.56 : 91 
5 11.70 14. : 94. 
6a 18.60 & 
6b 18.60 14. : 99. 
7 19.50 he ‘ 94. 
8 21.90 23. ; 86. 
9a 39.00 v Ek, : 98. 
9b 39.00 106. 


v~) 
i) 


Ko) 
or 
SCENE ODEO KR OOF 











Av. recovery 97.8 








of pure pregnanediol to urine extracts. Usually a 40-ml. aliquot of urine 
was incubated with beta-glucuronidase and extracted. The dried extracts 
were dissolved in 4 ml. of ethanol and divided into equal portions. Before 
chromatography, pure pregnanediol was added to one or more of these ali- 
quots. All fractions were simultaneously chromatographed. The results are 
shown in Table 1. It may be seen that recovery of added pregnanediol was 
satisfactory. 

In Table 2 are listed the results of duplicate, triplicate and quadruplicate 
assays of pregnanediol in the urine of normal adults. Volumes of urine 
measuring 30-50 ml. were extracted, and the extracts divided into equal 
aliquots, each representing 10 ml. of urine. The multiple extracts of each 
subject’s urine were chromatographed on the same sheet of paper. Table 3 
illustrates, perhaps even more clearly, the reproducibility of the results 
obtained by this method. In this experiment, single or duplicate aliquots 
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TABLE 2. REPLICATE ASSAYS OF PREGNANEDIOL IN URINE OF NORMAL 
ADULTS (9 WOMEN AND | MAN) 








Day of 


Subject ‘menstrual eyele Pregnanediol (mg./24 hrs.) 








Female 
E.K.G. 
R.E.H. 
U.P, 
C.D. 
C.N.S. 


| 0.46 
| 
G.L.G. | 
| 
| 
| 
| 
| 


-70 
63 
42 
71 
87 
.42 
36 
37 








K.S.H. 
E.C, 
J.C. 





~ Om © ©O:9 00 





Male 











56 45 





of urine were extracted immediately after collection and the remaining 
urine stored in a deep-freeze. At monthly intervals thereafter the urine 
was thawed, an aliquot removed, and the urine refrozen. Extractions and 
chromatography, accordingly, were carried out at different times and under 
varying laboratory conditions. In spite of these variables, the method was 
found to yield satisfactorily reproducible results. 


Reliability of method in measurement of ovarian function 


In a further attempt to assess the reliability of the method, the excretion 
of pregnanediol in the urine of a group of normal adult women was fol- 


TABLE 3. REPETITIVE ASSAY OF PREGNANEDIOL IN STORED URINE 








Pregnanediol (mg./24 hrs.) 





Consecutive month of assay* 


Subject menstrual 
cycle 





ae 
| 
| 


1 2 | 3 4 








B. 15 0.85, 0.89 | 1.18, 0.91 | 0.91, 0.85 1.19 
M.C. | 17 3.34 3.45 3.31 3.25 
E.R.K. 18 0.69 0.63 0.64 0.61 
S.M.C. | 18 3.70 2.86, 3.66 3.06 3.05 
R.P. Le 2.98 3.14 3.02 2.94 
J.A. | 47 0.43 0.37 0.46 0.49, 0.38 

















* Each urine collection was stored in the frozen state. At monthly intervals the 
entire specimen was thawed and an aliquot removed for assay. 
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lowed throughout the course of a menstrual cycle. The results of such a 
study in 1 patient are shown in Figure 4. As determined by this method, 
the excretion of pregnanediol rose in expected fashion during the second 
half of the menstrual cycle and precipitously fell prior to the onset of 
menstruation. Smaller amounts of the steroid, possibly derived from the 
metabolism of adrenal progesterone, were detectable during the first half 
of the cycle. The amount of pregnanediol excreted by this subject late in 
the cycle was of the order of magnitude reported by other investigators 
studying normal female adults. 
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Fig. 4. Pregnanediol excretion during menstrual cycle of normal adult woman. 


DISCUSSION 


Accurate measurement of urinary pregnanediol excretion is difficult 
because of the need to employ a relatively nonspecific colorimetric method, 
based upon the reaction of this steroid with concentrated sulfuric acid. 
Accordingly, accuracy of measurement depends upon the use of some pre- 
paratory procedure capable of separating the small amount of pregnanediol 
present in urine extracts from the large amounts of interfering steroids and 
pigments. In our experience this requires either prolonged column chro- 
matography, which is unsuitable for routine procedures; repeated column 
chromatography, as in the method of Klopper et al. (10); or paper chro- 
matrography, as deseribed here. An evaluation of the paper method has 
established its sensitivity, specificity, reproducibility, and clinical relia- 
bility. It would seem to possess two advantages over satisfactory column 
chromatography methods: 1) It permits simultaneous handling of pure 
standards and up‘to 4 unknown solutions under identical working condi- 
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tions, thus affording a constant check on methodology and allowing recov- 
ery experiments to be performed as desired. 2) The basic method is easily 
altered in various ways.to allow the quantitative determination of other 
steroids in biologic fluids. For instance, we have found it possible, by the 
use of this procedure and a slightly different solvent system, to measure 
accurately the serum levels of pregnane-3a,17a,20a-triol in subjects with 
congenital adrenal hyperplasia (unpublished data). 

Although the procedure is obviously not simple, it is not so complicated 
or time-consuming as to be unsuitable for use in the small hospital labora- 
tory. A capable technician who had had no previous experience with paper 
chromatography mastered the procedure after a few days’ instruction. 
Such steps as hydrolysis and chromatography proceed satisfactorily unat- 
tended, leaving personnel free for other assignments. Certain variations 
can be introduced to shorten the total assay time considerably. For exam- 
ple, the use of washed filter paper obviates the need for final purification of 
paper eluates, but it may prove more bothersome to wash the fairly large 
chromatograms. The equilibration time for chromatography may be safely 
reduced to a few hours if desired, but it is convenient to let this process 
continue overnight. Equilibration time may be reduced to an hour, if 
necessary, by setting the compact loaded tank in a water bath for twenty 
minutes at 40° C. and then allowing it to cool down to room temperature 
for thirty minutes before adding the mobile solvent phase. The time neces- 
sary for incubation of urine with beta-glucuronidase may be reduced to a 
period of four to six hours (7), especially if the mixture is incubated at 
45° C, 

The procedure outlined here has proved most practical and convenient 
for this laboratory. One technician, working part-time with 2 solvent as- 
semblies, has been able to analyze 16 to 24 urines for pregnanediol during 
the course of a week. 
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ABSTRACT 

A 46-year-old man with an adrenocortical carcinoma is reported, in whom 
there was clinical evidence of feminization and increased urinary excretion of 
estrogens. Urinary 17-ketosteroids, 17-hydroxycorticoids and pregnanediol 
were also increased. Postoperatively libido returned to normal and gyneco- 
mastia subsided. The adrenal tumor of this patient was successfully trans- 
planted into the anterior chamber of the guinea-pig eye. Transplants of the 
tumor maintained their ability to secrete estrogens, and regressed following 
x-irradiation. 


DRENOCORTICAL carcinomas associated with excessive estrogen 
production leading to feminization in the male are quite rare. To our 
knowledge only 34 patients have been reported in the literature. In many 
of these cases only a limited number of steroid assays were performed, 
because suitable methods were lacking at the time the patients were seen. 
Therefore, it seemed desirable to report the clinical and laboratory findings 
in an additional patient in whom it was possible to determine the excretion 
of 17-hydroxycorticoids, 17-ketosteroids, estrogens and pregnanediol be- 
fore and after surgical removal of the adrenal tumor. The growth and estro- 
gen secretion of a heterotransplant of the tumor were of further interest. 
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CASE HISTORY 


A 46-year-old white, male refinery worker was first seen in October 1953 because 
of soreness of the nipples of his breasts. A small tender 1-cm. lump could be palpated 
under the left nipple, the breasts were enlarged and tender, and there was loss of libido 
(which he estimated to be 50 per cent of normal). A left varicocele had been present for 
eight months. He had also noted some ‘weakness’ in his legs. The remainder of the 
history was noncontributory. 

A large non-tender mass was felt in the left upper quadrant of the abdomen, extending 
to 10 cm. below the left costal margin. It moved downward 5-7 cm. with deep inspiration, 
and was thought by most observers to be an enlarged spleen. However, the mass could 
be palpated in the left costovertebral angle, and other observers thought that it was a 
large retroperitoneal tumor, possibly of adrenal or renal origin. The testes were slightly 
smaller and softer than normal. 

Laboratory data. On admission a complete blood count was normal, as were values for 
blood urea nitrogen, serum bilirubin, and alkaline phosphatase. Results of a bromsul- 
phalein test were within normal limits. Urinalysis revealed 1+ sugar. An oral glucose 
tolerance test (50 grams) showed an abnormal curve, with a fasting blood sugar level 
of 114 mg. per 100 ml., and values of 223 mg., 217 mg., 126 mg. and 93 mg. per 100 ml. 
at half an hour, one hour, two hours, and three hours respectively. Results of an intra- 
venous regitine test, performed because of variably high blood pressure, were negative. 

X-ray examination of the chest and skeleton showed only moderately severe kypho- 
scoliosis and mild pulmonary.emphysema. An intravenous pyelogram revealed slight 
rotation of the left kidney and a questionable pressure deformity of the calyces of the 
upper pole of the left kidney. An extra-intestinal mass was noted in the left upper 
quadrant during roentgenographic examination of the gastro-intestinal tract. This mass 
displaced the stomach to the right and anteriorly, and the left portion of the transverse 
colon downward (Fig. 1). 

Urinary 17-ketosteroids, extracted by the procedure of Drekter et al. (1) with colorim- 
etry by the method of Callow et al. (2), averaged 28.9 mg. per twenty-four hours (normal 
range for males by this method, 7-24°mg.). The excretion of beta 17-ketosteroids was 
2.5 mg. per twenty-four hours.' The 17-hydroxycorticoids, extracted by the method 
of Reddy (3) with colorimetry by the modified Porter-Silber method of Smith e¢ al. (4), 
averaged 40.5 mg. per twenty-four hours (normal range for males by this method, 5-16 
mg.). Total urinary estrogens were determined in two ways. With extraction by the 
method of Engle (5), chromatography on activated alumina, and fluorimetry by the 
method of Bates and Cohen (6), a value of 155 micrograms (ug.) per twenty-four hours 
was obtained! (normal range for males by this technique, 4-30 ug.). By another pro- 
cedure,” total estrogens were determined to be equivalent to 600 ug. of estrone per 
twenty-four hours (normal range for males by this method, 0-200 ug.). Urinary preg- 
nanediol! excretion was 15.8 mg. per twenty-four hours. During ACTH stimulation 
(40 units given intravenously over an eight-hour period on each of two days) there 
was no change in 17-ketosteroid excretion and only a subnormal rise in urinary 17- 
hydroxycorticoids (Fig. 2). 

Course. On December 1, 1954, a large retroperitoneal tumor was removed through 
a left subcostal incision (Fig. 3, upper portion). Results of examination of frozen sections 
were compatible with the diagnosis of adrenocortical carcinoma. There were no visible 





1 Determined by Bio-Science Laboratories, Los Angeles, California. 
2 Determined by Hormone Chemistry Laboratory, Houston, Texas. 
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Fig. 1. Upper left: Displacement of the stomach to the right by the tumor. Upper 
right: Anterior displacement of the stomach. Lower left: Downward displacement of 
the left portion of the transverse colon. Lower right: Pressure deformity in the upper 
calyces of the left kidney. 


metastases. It was technically impossible, however, to remove all of the tumor bed, 
due to the large area of attachment posteriorly. 

Because of the possibility of postoperative hypoadrenalism, the patient was given 
50 mg. of hydrocortisone intravenously during the first hour of surgery followed by 
150 mg. intravenously during the next twenty-four hours. In addition, he was given 
200 mg. of cortisone intramuscularly at the time of surgery and 100 mg. twelve hours 
later. Subsequently the dose of cortisone was gradually reduced and on the thirteenth 
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postoperative day it was discontinued (Fig. 2). No evidence of adrenal insufficiency 
developed. 

On the second postoperative day the urinary 17-ketosteroids decreased to 3.4 mg. 
per twenty-four hours and ranged from 3.6 to 7.7 mg. per twenty-four hours after 
cortisone was discontinued. Urinary 17-hydroxycorticoids remained at levels above 
normal during the immediate postoperative period due to administration of cortisone, 
but gradually returned to normal following cessation of therapy (Fig. 2). Urinary 
estrogens and pregnanediol were measured on the sixteenth postoperative day; estrogens 
were within normal limits, but pregnanediol, although considerably below preoperative 
levels, was still elevated (Table 1). 

Postoperatively, the patient voluntarily stated that his libido had returned to normal, 
and that there was no longer any tenderness in his breasts. The blood pressure returned 
to normal. Following discharge from the hospital in December 1954, the patient felt 
well and returned to work. Urinary steroids were determined at monthly intervals 
thereafter. There was no change in 17-ketosteroid excretion, but on several oc¢asions 
prior to death the excretion of 17-hydroxycorticoids was above normal limits (Fig. 2). 
Although clinically there was no indication of recurrence of the tumor, the patient 
was noted to be somewhat depressed, and on September 5, 1956, he committed suicide. 
Permission for autopsy was denied. 

~ Pathology. The specimen received in the surgical pathologic laboratory was a smooth, 
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Fic. 2. Urinary steroid excretion before and after removal of adrenocortical car- 
cinoma. Note subnormal response to ACTH preoperatively. Replacement therapy with 
steroids started on the day of operation, and continued through the thirteenth day. 
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Fig. 3. Upper portion: Tumor pushing through gastrocolic omentum. Tumor obliter- 
ated lesser bursa (colon in lower outer field). Lower portion: Microscopic appearance 
of the tumor. Well differentiated area of the neoplasm with arrangement about veins. 
Sparse stroma. H and E stain. (Original magnification 200 X.) 


lobulated, moderately firm to soft tumor mass measuring 17X16 X11 cm. and weighing 
1,750 grams. Compressed tissue resembling the normal adrenal was attached to the 
external surface in one area. The cut surfaces of the tumor were solid, grey-pink to 
mottled dark red, with areas of yellowish discoloration where infarction was present. 
Microscopic examination of sections of the tumor revealed neoplastic cells with a 
moderate amount of eosinophilic, slightly granular or ridged cytoplasm (Fig. 3, lower 
portion). The cell nuclei varied from small oval, hyperchromatic forms to bizarre and 
enlarged ones. Occasional cells exhibited mitotic division. The arrangement of the 
tumor cells was predominantly in the form of cords and columns with some areas of 
more solid pattern. Scattered areas of necrosis were present; sparse fibrous stroma ac- 
companied the epithelial component, with slight associated inflammatory response. Loss 
of structural detail due to necrosis and infarction was obvious in some parts of 
the section. In one area, invasion of the surrounding limiting fibrous membrane had 
occurred, as well as involvement of the walls of a few small, thin-walled blood vessels 
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TABLE 1. URINARY STEROID EXCRETION BEFORE AND AFTER REMOVAL 
OF ADRENOCORTICAL CARCINOMA 



































“) « | ~ ny | Preg- 
Date | 17-OHCS 17-KS_ Beta 17-KS| Estrogens Estrogenst ninedital 
(1954) bays | vac | (mg./ (uB./ | _(ug./ (mg./ 
| ars.) | 24 hrs.) | 24 hrs.) 24 hrs.) | 24 hrs.) | 24 hrs.) 
Preop., | 40.4 26.4 2.5 155 | 600 15.8 
Nov. 20 
Postop.., Po ea 6.4 — 27 70 3.8 
16th day, | 
Dec. 17 
Normal 5-16 | 7-24 10% of 4-30 0-200 0-0.5 
values* | | total 
- | | 17-KS 











* Determination by Bio-Science Laboratories (see text). 
} Determination by Hormone Chemistry Laboratory (see text). 


within the tumor. Sections stained by Masson trichrome and periodic acid-Schiff tech- 
niques in order to demonstrate the presence of fuchsinophilic granules showed a very 
few scattered lilac-stained granules within the cytoplasm. 

Transplantation. Heterologous transplantation of a small portion of the fresh tumor 
was performed by the method of Greene (7), utilizing the anterior chambers of the eyes 
in 4 guinea pigs. Successful transfer occurred in 1 animal, and growth was also obtained 
when serial transfer was carried out subsequently in 2 groups of guinea pigs. Hormone 
bioassay? of a five-day pooled urine of 2 male guinea pigs bearing the heterotransplants 
indicated an estrogen content of 25 wg. in 80 ml. of urine. Urine from normal male 
guinea pigs was similarly assayed, but estrogens could not be detected. In 2 guinea pigs 
a single dose of x-irradiation (700 r, air) to the tumor-bearing eye led to marked regres- 
sion of the tumor ten days after therapy. 


DISCUSSION 
The diagnosis of feminizing adrenal carcinoma seemed justified in this 
patient on the basis of gynecomastia, similarity of other physical findings 
and symptoms to those of previously reported cases, and increased urinary 
excretion of estrogen. Urinary 17-ketosteroids and 17-hydroxycorticoids 
were also increased. However, with the exception of impaired glucose toler- 
ance and minimal hypertension, none of the other manifestations usually 
associated with excessive hydrocortisone or androgen production was 
observed. 
In most of the 34 previously reported cases (8), the manifestations were 
gynecomastia, testicular atrophy, and loss of libido. In the majority of 
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patients a palpable tumor was found at the time medical advice was first 
obtained. With few exceptions, these tumors were subsequently demon- 
strated to be carcinomas. 

In spite of the fairly consistent clinical syndrome, the results of hormonal 
studies have been variable, with the exception of urinary estrogens. Estro- 
gen excretion was elevated in all but 1 of the patients in whom such assays 
were performed. Urinary 17-ketosteroids were measured in 17 patients. In 
8 the daily excretion was above normal, ranging from 26 mg. to 600 mg. 
per twenty-four hours. In 2 other patients, urinary androgens were above 
normal limits as measured by bioassay. These findings indicate that about 
half of the patients with this syndrome could be expected to have increased 
urinary 17-ketosteroids. Although the individual steroids accounting for 
this increase have apparently not been isolated, the beta 17-ketosteroids, 
presumed to be chiefly dehydroepiandrosterone, have been elevated in sev- 
eral instances. 

Due to the scarcity of reports concerning excretion of adrenal corticoids, 
no definite conclusions can be drawn about the secretion of hydrocortisone 
or related C., steroids by the tumor in these patients. In the patient re- 
ported here, excretion of 17-hydroxycorticoids was increased; however, 
in 4 of 5 previously reported cases, urinary corticoids determined by other 
methods were within normal limits. 

Other hormonal abnormalities have also been reported. In the case of 
McFadzean (9), results of the Aschheim-Zondek test were positive; and in 
the patients of Landau et al. (10), Higgins et al. (11), and Diczfalusy and 
Luft (12), urinary pregnanediol was increased. Urinary pregnanediol was 
also increased in our patient. 

Although the gynecomastia in these patients is undoubtedly related to 
increased estrogen secretion, there seems to be little direct correlation with 
the amount of estrogens being secreted. It seems likely that other factors 
may exert a major effect in the amount of breast development which takes 
place during stimulation with estrogen. This concept is borne out, at least 
in part, by the fact that, from a review of the laboratory data concerning 
hormone excretion, one cannot predict with any degree of certainty 
whether a given patient with adrenal hyperfunction will have gynecomas- 
tia. Before this problem can be elucidated, further studies appear necessary 
to determine the amounts and types of various steroids both in the tumor 
and in the blood of these patients. 

The heterologous growth of the adrenocortical neoplasm suggests the 
development of complete autonomy (7, 13). Such behavior usually paral- 
lels ability of a tumor to metastasize. It is of interest that Wallach et al. 
(8) reported “‘gross proliferation of tumor cells’ after heterotransplanta- 
tion to the eyes of 4 guinea pigs, although no further details were pre- 
sented. 
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A CASE OF FEMINIZING ADRENAL 
TUMOR IN A GIRL 


A. H. SNAITH, M.B., B.S. 
The Hospital for Sick Children, Great Ormond Street, London W.C.1., England 


ABSTRACT 


A case of feminizing adrenal tumor presenting as isosexual precocity in a girl 
5} years of age is described. Urinary 17-ketosteroids, estrogens, 17-hydroxy- 
steroids and pregnanetriol were determined both before and after surgical re- 
moval of the tumor; after operation the only difference observed on the 
chromatograms was the absence of dehydroepiandrosterone. The excretion 
of 17-ketosteroids and estrogens, though within the adult range, was ab- 
normally high for a child of this age. This high excretion was probably due to 
the presence of the tumor. 


EMINISM is rarely associated with adrenocortical tumors in chil- 

dren. A single case in a boy has been described by Wilkins (1). In girls 
with adrenocortical tumors, feminizing signs have usually been associated 
with clinical evidence of Cushing’s syndrome. The case described here is 
that of a 53-year-old girl with isosexual precocity. Analysis of the urine 
revealed that steroid excretion was not typical of true precocious puberty. 
The urinary findings led to a diagnosis of adrenocortical tumor. 


CASE REPORT 


The patient was first seen by Dr. A. D. Barlow at the age of 53 years. She was ad- 
mitted to this hospital under the care of Mr. D. I. Williams, who carried out all the 
surgical procedures. Her mother thought that she had always been large for her age. 
When she was 4 years old, the presence of pubic hair and of breast development was 
first noticed. At this time there was a slight vaginal discharge; six months later there 
was an episode of bleeding lasting one day, followed by three episodes lasting two to 
four days and occurring at intervals of seventeen days, two months, and two months, 
respectively. Physical examination: The height was 543 inches, and weight 77.6 pounds 
(normal at this age, 433 inches and 43} pounds). The blood pressure was 110/80 mm.Hg. 
Mild acne was present on the face. The breasts were moderately developed; there was 
no pigmentation of the nipples or areolae. The vulva was adult in appearance, with 
large hypertrophic labia minora but no disproportionate enlargement of the clitoris. 
Pubic hair, as well as some axillary hair, was present. The bone age was estimated to 
be about 12 years. The polymorphonuclear leukocyte chromosomal pattern was typical 
of the female sex. The vaginal smear showed complete estrogenization. Rectal and 
vaginal examinations under anesthesia revealed no abnormality. In view of the urinary 
findings (to be described), presacral perirenal air insufflation was undertaken. It was 
thought that the right adrenal was enlarged. 

The patient was subsequently given 25 mg. of cortisone a day, and on the third day 








Received July 18, 1957. 


318 

















March, 1958 FEMINIZING ADRENAL TUMOR IN A GIRL 319 


an encapsulated tumor occupying the right adrenal was 
removed through a right loin incision after resection of 
the twelfth rib, a small fragment of normal adrenal tissue 
being left behind. The ovaries were normal for the age, and 
the left adrenal was somewhat atrophic. Postoperatively, 
the patient was given 5 per cent dextrose intravenously, 
and cortisone was continued for ten days. Recovery was 
uneventful, though on the first day after operation, the 
plasma sodium level was 126 mEq. per liter (normal range, 
138-145 m.Eq.), and the plasma potassium level was 7 5 
m.Eq. per liter (normal range, 4.1—5.6 m.Eq.). On subse- 
quent days, the plasma electrolyte levels were in the normal 
range. Within a month after removal of the tumor, the 
breasts became smaller; and four months later, regression 
of pubic and axillary hair as well as further regression of 
the breasts was observed. The vulva was unchanged. The 
vaginal smear showed no evidence of estrogenization. 

Dr. M. Bodian reported that the tumor weighed 10.65 
Gm. and measured 2.5X2.5X9 cm. Histologically the 
tumor was an adrenocortical neoplasm with anaplastic 
changes but no definite evidence of malignancy. 


URINARY STEROID EXCRETION 


~ 


Methods 


17-Ketosteroids were determined by the method of 
Holtorff and Koch (2). The normal value for a child of 53 
years is 1.38 +0.66 mg. per twenty-four hours. According 
to Dorfman (3) the normal range by this method in adult 
women is 4.0-22.0 mg. per twenty-four hours. Estrogens 
were determined! biochemically by Brown’s method (4). Fig. 1. Precocity due to 
In normal prepubertal girls (5) total estrogen (estrone, the presence of a feminiz- 
estradiol-176 and estriol) excretion is 0-3 ug. per twenty- ing adrenal tumor in a girl 
four hours. In girls with evidence of precocious puberty in aged 53 years. 
whom regular menstrual cycles have not been established, 
total estrogen excretion is 0.7 ug. per twenty-four hours; whereas in those with estab- 
lished menstrual cycles, total excretion is 2-40 ug. per twenty-four hours, depending 
upon which day in the cycle the specimen is obtained. Pregnanetriol excretion was de- 
termined by the method of Bongiovanni and Clayton (6) (normal range, 0-2 mg. per 
twenty-four hours) and 17-hydroxysteroid excretion by the method of Reddy (7) (normal 
range for a child of 53 years, 3.12 +2.0 mg. per twenty-four hours). 

The excretion of individual 17-ketosteroids and corticosteroids was determined 
qualitatively by paper chromatography. From a 24-hour specimen of urine the free 
steroids were extracted with chloroform and the steroid conjugates by the method of 
Edwards, Kellie and Wade (8). Hydrolysis of the conjugates was carried out by - 
glucuronidase and, after extraction of the liberated steroids, by boiling with hydro- 
chloric acid. Ketonic and nonketonic steroid fractions were obtained by the Girard 
reaction and the ketonic fraction was subdivided into 17-ketosteroid and corticosteroid 
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fractions by benzene-water partition. The nonketonic fraction was oxidized with sodium 
bismuthate and the product examined for 17-ketosteroids. The 17-ketosteroid fractions 
were then chromatographed in the Bush A system (9), employing dehydroepiandro- 
sterone, etiocholanolone and androsterone as standards, and the Zimmermann reaction 
to locate the compounds. The corticosteroids were chromatographed on the Bush B5 
system, employing hydrocortisone and cortisone as standards. Compounds were located 
with blue tetrazolium. 


Results 

The excretion of 17-ketosteroids, estrone, estradiol-178, estriol, 17- 
hydroxysteroids and pregnanetriol before and after removal of the tumor 
is shown in Table 1. Identification of the compounds on the paper chro- 
matograms is tentative, depending only upon the comparison of Rf values 
with the standards in single chromatograms. The principal compounds in 
the 17-ketosteroid fractions were 11-ketoetiocholanolone, dehydroepian- 
drosterone, etiocholanolone and androsterone. Dehydroepiandrosterone 
was present in the largest quantity. The principal corticosteroids present 
were tetrahydrohydrocortisone and tetrahydrocortisone. There were only 
trace amounts of free hydrocortisone and cortisone. The nonketonic steroid 
fraction after bismuthate oxidation contained 17-ketosteroids 11-keto- 
etiocholanolone and etiocholanolone. After surgical removal of the tumor, 
the only qualitative difference observed on the chromatograms was the 
absence of dehydroepiandrosterone. An extract of half the tumor was ana- 
lyzed for 17-ketosteroids and corticosteroids but no identifiable steroids 
were found. 


TABLE 1. STEROID EXCRETION IN A CASE OF FEMINIZING ADRENAL TUMOR 


























Preg- . 

at 17-KS | 17-OH- nane- Estrone | Estradiol-| Estriol Total 
Speci- (mg. /24 | steroids teint (ug./24 | 178 (ug./| (ug./24 estrogens 
men hrs.) (mg./24 (mg./24 hrs.) 24 hrs.) hrs.) (ug./24 

hrs.) hrs.) hrs.) 

1 10.3 5.1 16.0 31.4 

2 10.3 3.8 4.4 18.5 

3 17.5 3.2 12.1 3.4 5.1 20.6 

4 20.7 6.7 0 
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DISCUSSION 


In his review of 70 reported cases of adrenal tumor in children, Wilkins 
(1) was of the opinion that in only 6 patients, all girls, was there evidence of 
precocious secretion of estrogens. The cases described by Harvey (10), by 
Kepler, Walters and Dixon (11), and by Jolly (12) may also have been 
examples of the syndrome. Clinical evidence of Cushing’s syndrome and 
of virilism was present in most of these cases. A provisional diagnosis of 
precocious puberty was made initially in the present case, but the level of 
17-ketosteroid excretion suggested the presence of a tumor. In precocious 
puberty, 17-ketosteroid excretion does not exceed the lower values in the 
adult range. Estrogen excretion in this case was also higher than in any but 
cases of early puberty with regularly established menstrual cycles. It is 
probable that a rise in both 17-ketosteroid excretion and estrogen excre- 
tion is typical of adrenal rather than ovarian tumor (excluding adrenal 
rests in the ovary), but there are insufficient data on this point. 

Of particular importance in this case was the absence of signs of Cush- 
ing’s syndrome or of abnormal virilism, and the close similarity clinically 
to true precocious puberty. The excretions of 17-ketosteroids and estro- 
gens, however, though nof outside the normal adult range, were abnor- 
mally high for a child of this age, and higher than has been observed in 
cases of true precocious puberty. 
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Letters to the Editor 





“PRIMARY ALDOSTERONISM”’ ASSOCIATED 
WITH SIGNIFICANT EDEMA 


To THE EpITor: 


The number of case reports of “primary aldosteronism” during the past 
three years has been sufficient to permit delineation of certain features 
of this syndrome more precisely. It has been repeatedly stated that edema 
does not occur in primary aldosteronism; indeed, edema has been thought 
to indicate that hyperaldosteronuria was ‘‘presumably secondary” (1) or 
resulted from a “dysregulation of stimuli” (2), rather than a tumor. 
Recently we had the opportunity to study a patient who presented almost 
all of the usual findings associated with primary aldosteronism, but who 
in addition had prominent peripheral edema. Intensive investigation failed 
to disclose any disorder which might have produced secondary aldosteron- 
ism. 

Balance studies were performed during various dietary programs. It was 
noted that hypernatremia, hypokaliemia and alkalosis were present only 
after the patient had had a normal or high sodium intake for several days, 
and disappeared when sodium restriction was instituted. Nevertheless 
hypertension and peripheral edema persisted during prolonged sodium 
restriction. Urinary sodium excretion rarely decreased below 20 mEq. per 
day with an intake of 9 mEq. per day for a ten-day study period, although 
sodium balance could be maintained with a moderate sodium intake. Uri- 
nary aldosterone determinations performed by the bio-assay method 
revealed sodium-retaining activity to be relatively constant at a level 
equivalent to that of about 60 micrograms of aldosterone per day with a 
200-mEq. sodium intake. 

Retroperitoneal air study suggested a tumor mass above the left kidney, 
and this was verified at operation when the left adrenal gland containing a 
large adrenocortical adenoma was removed. Assay of the tumor and left 
adrenal gland yielded the following results, expressed as micrograms of 
steroid per gram of tissue: 








1 This assay was very kindly performed by Dr. Ralph Peterson and Dr. Bernard 
Kliman of the National Institute of Arthritis and Metabolic Diseases. 
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Desoxycor- 
ticosterone 


Comp. Comp. 


F B Aldosterone 





Left adrenal gland 5.7 2.3 0.45 0.24 


Tumor 15.8 23.8 1.41 1.29 





In the ten months since surgery the patient has been completely free of 
edema, hypertension, and the serum electrolyte abnormalities mentioned, 
although there have been no dietary restrictions. 
The purpose of this communication is to report in prehiixinary fashion 
the association of an adrenocortical adenoma with many of the features of 
primary aldosteronism but, in addition, significant peripheral edema. 
Whether this will prove to be a clinical variant of true primary aldosteron- 
ism or a syndrome produced by excessive amounts of another sodium- 
retaining hormone cannot be stated at this time. Studies are in progress to 
investigate these possibilities, and a more complete report will follow. 
Rap 8. GoutpsmitH, M.D.*f 
Freperic C. Bartrer, M.D.t{ 
Pau. J. Roscu, M.D.tf 
Wiuiam H. Meroney, M.D.* 
Evcuip G. Hernpon, Jr., M.D.* 

The Department of Metabolism, 

Division of Medicine, 

Walter Reed Army Institute of Research,* 

the Department of Medicine, 

Walter Reed Army Hospital,t 

Washington, D. C.; 
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PLASMA LEVELS OF 17-HYDROXYCORTICOSTER- 
OIDS IN UMBILICAL CORD BLOOD, WITH 
SPECIAL REFERENCE TO VARIATIONS 
OF THE LEVEL BETWEEN A. UMBILI- 
CALIS AND V. UMBILICALIS 


To THE EprrTor: 


There are some reports in the literature concerning the concentration of 
17-hydroxycorticosteroid (17-OH-CS) in maternal plasma and in the 
plasma from umbilical cord blood immediately after delivery (1-5). In 
these reports, the concentration of 17-OH-CS in umbilical cord plasma has 
generally been lower than in maternal plasma. However, Gemzell ob- 
served, in 9 of 47 cases, a higher concentration in umbilical cord plasma 
than in maternal plasma; in 2 of these 9 cases the infant was delivered by 
low forceps and showed signs of fetal distress and hypoxia (1). In 1 of 19 
cases, Migeon et al. (3) found that the level of 17-OH-CS in cord plasma 
was higher than in maternal plasma, but the authors thought this finding 
was due to a technical error. Hence, the prompt decrease in plasma 17- 
OH-CS concentration in newborn infants during the first few days of life 
(6) and the very low concentration in umbilical cord plasma in infants 
delivered by cesarean section (1, 4) have been interpreted by many inves- 
tigators as indicating a lack of fetal production of corticosteroid. 

We determined the plasma levels of 17-OH-CS in pregnancy and in three 
forms of delivery, with special reference to the concentrations of 17-OH- 
CS in A. umbilicalis and V. umbilicalis. Blood from the umbilical cord was 
taken by section of the cord immediately after delivery. This represented 
mixed blood from both the artery and the vein. Blood was also obtained 
separately from A. umbilicalis and from V. umbilicalis, by use of a syringe. 
The concentration of 17-OH-CS was determined by the method of Nelson 
and Samuels modified by Bayliss and Steinbeck (7). 


RESULTS 
The mean levels of plasma 17-OH-CS were as follows: 


In 10 nonpregnant women 
9.9+2.5 ug. per 100 ml. 
In pregnant women, 
6 in the first trimester—7.8-12.4 (mean, 9.5+2.0) ug. per 100 ml. 
7 in the second trimester—6.2-13.0 (mean, 11.3+3.4) ug. per 100 ml. 
7 in the third trimester—11.2—23.2 (mean, 15.1+4.3) ug. per 100 ml. 


The differences in steroid content of plasma between nonpregnant women 
and those in the first and second trimesters of pregnancy were not signifi- 
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cant, but the difference between the foregoing groups and the women in 
the third trimester of pregnancy was significant (P <0.05). 

In normal vaginal delivery, the mean level of 17-OH-CS in the venous 
plasma of 20 women was 24.2 +17.9 ug. per 100 ml., and that in umbilical 
cord blood was 18.9 ug. per 100 ml. In 8 primiparae the mean plasma level 
was 38.4 ug. per 100 ml., and that in umbilical cord blood was 25.7 ug. per 
100 ml. In 12 multiparae, the mean plasma level was 31.0 wg. per 100 ml., 
and that in umbilical cord blood was 16.3 ug. per 100 ml. The difference 
between primiparae and multiparae, with regard to the 17-OH-CS in both 
the mother’s and the umbilical cord plasma was not significant. 


TABLE 1. LeEveLs or 17-OH-CS IN MATERNAL AND CORD PLASMA 








Plasma 17-OH-CS 

Body wt. (ug. per 100 ml.) 
of 

pregnancy newborn Cord 

(wks.) (Gm.) Maternal 

_|— é A. umbil. | V. umbil. 


Time from 
onset of 
labor to 
delivery 


| a gs 


nA 
Es 





Delivery 








2640 41.7 
2.LH. | 2980 26.0 

Normal ke ag | | 3000 28.5 
LK 2920 32.2 

3040 26.3 











2740 57.0 
2450 40.0 
2720 29.5 
3080 | 

















* Pooled arterial and pooled venous blood. 


In 9 mothers whose babies were delivered by forceps operation due to 
fetal distress, the mean level plasma of 17-OH-CS was 31.0+11.4 ug. per 
100 ml., and that of umbilical cord plasma was 26.6 wg. per 100 ml. 

In 8 women delivered by cesarean section, the mean level of plasma 17- 
OH-CS was 22.3 +10.3 ug. per 100 ml. and that of umbilical cord plasma 
was 15.9 wg. per 100 ml. 

The ratio of 17-OH-CS concentration in umbilical cord plasma to that in 
maternal plasma (umbilical/maternal ratio) was: in normal delivery, 
0.577; in forceps delivery, 0.817; and in cesarean section, 0.738. In these 
groups, the differences among maternal and umbilical plasma levels and 
umbilical/maternal ratios, respectively, were not significant. 

Variations in plasma levels of 17-OH-CS in A. umbilicalis and V. ur- 
bilicalis are shown in Table 1. In normal delivery, the plasma level of 17- 
OH-CS in A. umbilicalis was very low compared with that in V. umbilicalis; 
in forceps delivery, the level in A. umbilicalis increased, and was almost 
equal to that in V. umbilicalis. 





So of 3) ©] DO = =&@ Se OO ~~ ht, 


March, 1958 SOMATIC SEX IN ANENCEPHALY 327 


These results suggest that the stress of forceps delivery may exert a 
greater effect on the adrenocortical function of the fetus than on that of the 


mother. 
Hrrosui Kawanara, M.D. 


Depariment of Obstetrics & Gynecology, 
Tohoku University School of Medicine, 
Sendai, Japan 
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SOMATIC SEX OF ANENCEPHALIC INFANTS 


To THE EDITOR: 


As a result of the stimulation afforded by a Letter to the Editor of The 
Lancet by Polani and Claireaux (1), we reviewed the slides and autopsy 
protocols of our anencephalic infants. For the period 1933-1957, slides were 
available on 35 anencephalic fetuses which were sufficiently well preserved 
to make pessible the determination of nuclear or somatic sex. The material 
was fixed in formalin or Bouin’s solution, embedded in the customary 
manner after dehydration and clearing, and stained with hematoxylin and 
eosin. Most of these cases were reviewed in a previous publication (2). Cell 
counts were performed on sections of skin, bladder, kidney, liver, pancreas 
and the gastro-intestinal tract. In these organs, selected deliberately so as 
to avoid concentration of any specific organ system, agreement was general 
as to the proportion of nuclear types. 

The “nuclear sex’? determined in 27 female and 8 male anencephalic 
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fetuses was concordant with the observed external sexual characteristics 
in each case. In 27, sections of gonads were available; in these the histologic 
picture was in complete agreement with the sex predicted on the basis of 
nuclear chromatin type. The gonads were unremarkable save for immatur- 
ity. The observed structure of internal and external genitalia did not 
manifest any hermaphroditic abnormalities. In the 8 male anencephalic 
fetuses the proportion of nuclei with “‘sex chromatin” did not exceed 5 per 
cent. 

These findings are in agreement with the-observations of Polani and 
Claireaux (2). They suggest that cephalic integrity or hypothalamic con- 
trol is not essential for differentiation of genetically determined sex in man. 

EvGeEneE V. Perrin, M.D. 
Kurt BenirscuHke, M.D. 
Boston Lying-in Hospital, 
221 Longwood Avenue, 
Boston, Massachusetts 
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The Endocrine Society 


THE 1958 ANNUAL MEETING 


The Fortieth Annual Meeting of The Endocrine Society will be held in 
the St. Francis Hotel, San Francisco, California, Thursday, Friday and 
Saturday, June 19, 20, and 21, 1958. 

The Committee on Local Arrangements—Dr. Roberto Escamilla, 
Chairman; Dr. Donald E. Bernstein, Dr. Peter H. Forsham, Dr. Minnie 
B. Goldberg, Dr. Gilbert S. Gordan, Dr. Francis 8. Greenspan, Dr. C. H. 
Li, as members of the committee. 

All Scientific Sessions will be held from 9:00 a.m. to 5:00 p.m. daily in 
the Colonial Ballroom, and in addition there will be simultaneous after- 
noon sessions in the Italian Room. The annual dinner is scheduled for 
Friday, June 20 at 7:30 p.m., preceded by cocktails at 6:30 P.M. 

All reservations for rooms must be made through the AMA Housing 
Bureau, Room 300, 61 Grove Street, San Francisco 2, California. If pos- 
sible, official application forms as published in the Journal of the American 
Medical Association should be used. Arrival and departure dates must be 
stated. All requests must be accompanied by check or money order (not 
cash) made payable to ‘The AMA Housing Bureau” in the amount of 
$10.00 per room, which will be credited to your hotel account. Be sure to 
state your first, second and third choice of hotels. It is important to make 
reservations immediately in order to avoid disappointment. 

Final program, membership card and advance registration forms will be 
sent on May 15, 1958 to members whose current dues have been paid. 


THE 1958 AWARDS 


The selection of the recipients of the awards of The Endocrine Society 
is made by a Committee appointed by the Council of the Society. These 
awards and fellowships carry no obligation by the recipient to the Society 
or to the donors. 


MEDAL OF THE ENDOCRINE SOCIETY 


In 1954 the Council of the Society voted to establish a medal and an 
honorarium of $1,000 to be given to an individual for work of special dis- 
tinction in endocrinology. The recipient shall be chosen from nominations 
presented by members of the Society and is limited to citizens of the 
United States and Canada. Dr. Carl R. Moore was the recipient in 1955, 
Dr. Frederick L. Hisaw in 1956, and Dr. Joseph C. Aub in 1957. 
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THE CIBA AWARD 


The Ciba Award, to recognize the meritorious accomplishments of an 
investigator not more than 35 years of age in the field of clinical or pre- 
clinical endocrinology, was established in 1942, but no recipient was se- 
lected in 1942 or 1943. In 1944 the Award was presented to Dr. E. B. 
Astwood; 1945—Dr. Jane A. Russell; 1946—Dr. Martin M. Hoffman; 
1947—Dr. Choh Hao Li; 1948—Dr. Carl Heller; 1949—Dr. George Sayers; 
1950—Dr. Oscar M. Hechter; 1951—Dr. Albert Segaloff; 1952—Dr. 
Seymour Lieberman; 1953—Dr. Sidney Roberts and Dr. Clara Szego (Mrs. 
Roberts) ; 1954—Dr. Isadore M. Rosenberg; 1955—Dr. Jack Gross; 1956— 
Dr. Alfred M. Bongiovanni; 1957—Dr. Nicholas S. Halmi. Prior to 1952 
the Award was $1,200. It is now $1,800. If within twenty-four months of 
the date of the award, the recipient should choose to use it toward further 
study in a laboratory other than that in which he is at present working, 
it will be increased to $2,500. 


THE AYERST AND THE SQUIBB FELLOWSHIPS 


The Ayerst Fellowship was established in 1947 and the Squibb Fellow- 
ship in 1956. They are designed to assist men or women of exceptional 
promise in furthering their advancement towards a career in endocrinology. 
Each Fellowship is awarded on alternate years and the stipend, which will 
not exceed $5,000, may be divided into two Fellowships in varying amounts 
in accordance with the qualifications of the appointees. Individuals pos- 
sessing the M.D. or Ph.D. degree, or candidates for either of these degrees, 
are eligible for appointment. 

Applicants must submit the following information: 

1. Evidence of scientific ability as attested by studies completed or in 

progress. 

2. Recommendations from individuals familiar with the candidate and 

his work. 

3. A proposed program of study. 

4. Acceptance of the individual by the head of the department in which 

the Fellowship will be held. 

5. A statement that he or she will serve full time if awarded a Fellow- 
ship. A small amount of time (10 to 15 per cent) may be spent in 
course work or participation in teaching, the latter purely on a volun- 
tary basis. 
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THE SCHERING AND THE UPJOHN SCHOLARS OF 
THE ENDOCRINE SOCIETY 


The Council of The Endocrine Society has established a category of 
Scholars. These grants have been made available through the generosity of 
the Schering Corporation and the Upjohn Company, and will be awarded 
to established investigators and teachers in the field of endocrinology who 
wish to extend their opportunities for work either in this country or abroad. 

The awards will not exceed $2,500 annually for each individual and will 
be granted on the basis of proposals submitted by the applicant. Such ap- 
plications should include the estimated financial needs. The funds may be 
used for travel, maintenance and other expenses. 


Nominations 


Nominations for the Medal of the Endocrine Society; the Ciba Award; 
and the Ayerst and the Squibb Fellowships may be made by any mem- 
ber of The Endocrine Society. They should be submitted on forms which 
may be obtained from the Office of the Secretary, 1200 North Walker 
Street, Oklahoma City 3, Oklahoma. Completed nominations should be 
returned to the Secretary not later than November 1 each year. 


Proposals for appointments as Scholars of The Endocrine Society should 
be made in writing by the individual, and addressed to the Secretary of 
the Society. They should be submitted by November 1 each year. 

The Awards Committee will meet in November and notice of awards to 
successful nominees and applicants will be made not later than December 1. 


The American Goiter Association 


THE 1958 ANNUAL MEETING 


The next Annual Meeting of The American Goiter Association will be 
held in the St. Francis Hotel, San Francisco, California, on June 17, 18 and 
19, 1958. 

All reservations for rooms (accompanied by a $10 deposit) must be made 
through the AMA Housing Bureau, Room 300, 61 Grove Street, San 
Francisco 2, California. 





1958 LAURENTIAN HORMONE 
CONFERENCE 


The 1958 Laurentian Hormone Conference of the AAAS will be held 
at Blaney Park Resort, Blaney Park, Michigan, during the period Sep- 
tember 7-12, and investigators interested in attending this conference 
should make application to the Committee on Arrangements of the 
Laurentian Hormone Conference, 222 Maple Avenue, Shrewsbury, Massa- 
chusetts, at an early date and in any event no later than May 12, 1958. 
A conference rate of $12.00 per day per person is extended to all invited 
participants. Attendance is limited to invitations issued by the Committee 
on Arrangements. The following program has been arranged: 


PROGRAM 
I. Tue Piruirary HorMONES 


The physiology of growth hormone with particular reference to its action in the rhesus 
monkey. 
E. Knobil and R. O. Greep, Harvard School of Dental Medicine. 
Sunday evening, September 7 
Human growth hormone. 
Maurice S. Raben, New England Center Hospital. 
Monday morning, September 8 
Studies on the isolation and properties of the follicle-stimulating hormone. 
Sanford L. Steelman and Albert Segaloff, M.D., Anderson Hospital and Ochsner 
Foundation. 
Monday morning, September 8 
Control by visible light of the gonadotrophic activity of the hypophysis in the domestic 
duck. 
Jacques Benoit and Ivan Assenmacher, College de France. 
Monday evening, September 8 


II. Aspects oF STEROID CHEMISTRY AND METABOLISM 


Steroid protein conjugates. 
Seymour Lieberman, Bernard F. Erlanger, Sam Beiser and F. J. Agate, Jr., Columbia 
University. 
Tuesday morning, September 9 
Fractionation and isolation of steroid conjugates. 
John J. Schneider and Marvin L. Lewbart, Jefferson Medical College. 
Tuesday morning, September 9 
The miscible pool and turnover rate of adrenocortical steroids. 
Ralph Peterson, National Institutes of Health. 
Tuesday evening, September 9 
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III. ALDOsTERONE CHEMISTRY AND PHyYsIOLOGy 


The physiological factors which influence the secretion of aldosterone. 
Gordon L. Farrell, Western Reserve University. 
Wednesday morning, September 10 
Aldosterone functions in man. 
F. C. Bartter, National Heart Institute. 
Wednesday morning, September 10 
IV. Hormones anp METABOLISM 
Effects of steroids on metabolism of lymphoid tissue. 
A. White, Albert Einstein College of Medicine. 
Thursday morning, September 11 
Central nervous system factors in the regulation of endocrine secretion. 
John W. Mason, Walter Reed Army Medical Center. 
Thursday morning, September 11 
Recent studies on secretin and cholecystokinin. 
Erik Jorpes and Viktor Mutt, Karolinska Institute. 
Thursday evening, September 11 
The parathyroids and regulation of blood calcium. 
Harold Copp, University of British Columbia. 
Friday morning, September 12 
Endocrine interrelationships influencing bone formation and bone resorption in birds. 
Marshall R. Urist, University of California Medical Center, Los Angeles. 
Friday morning, September 12 


N.Y.U. POSTGRADUATE COURSE IN GYNECO- 
LOGICAL ENDOCRINOLOGY 


New York University Post-Graduate Medical School announces the 
following postgraduate course in Gynecological Endocrinology. A practical, 
didactic and clinical presentation with emphasis on therapeutic manage- 
ment of endocrine disorders in the female. Endocrine therapy for menstrual 
abnormalities and ovulatory defects are discussed. Adrenocortical, thy- 
roid, ovarian and pituitary abnormalities are emphasized. Practical 
diagnostic tests are discussed and demonstrated. 

Five-day, full-time course, April 7 through 11, 19658. 

Tuition: $125.00. 

Given under the direction of Dr. Herbert S. Kupperman. 

For further information, write: Office of the Associate Dean, NYU 
Post-Graduate Medical School, 550 First Avenue, New York 16, N. Y. 
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Diabéte sucré; diabéte insipide; régulation électrolytique. Proceedings of the Fourth Re- 
union of Frenchspeaking Endocrinologists, Paris, June 27-29, 1957. Pror. A. 
Souairac, ed. Contains articles on the histopathology and histophysiology 
of the pancreas, the hypoglycemic sulfamides in the treatment of diabetes, 
glucagon, hormonal regulation of the pancreas, new approaches to the problem 
of diabetes insipidus, histophysiology of neurosecretion, biochemistry and 
biology of the neurohypophyseal hormones, the biochemistry and _physio- 
pathology of aldosterone, and the physiology of the mineralo-corticoids (in 
French) ; 420 pages; 63 figures and 1 color plate; 1957. Publication des Annales 
d’Endocrinologie; Masson & Cie; G. Doin & Cie; Paris, France. 3.800 fr. 

Drug Resistance in Micro-Organisms: Mechanisms of Development. A Ciba Foundation 
Symposium edited by G. E. W. WotstENHOLME, M.A., B.Cu. and Crecinia M. 
O’Connor, B.Sc. Str Cuartes Harineron, Director of the National Institute 
for Medical Research and Chairman of the Medical Research Council’s Com- 
mittee on Chemotherapy proposed this symposium on drug resistance, in the 
belief that the more fundamental aspects of chemotherapy were not attracting 
as much attention in research as was desirable. The search for new drugs is 
handicapped by the problems of drug resistance. A partial Table of Contents 
includes: Indirect selection and origin of resistance, genetic aspects of drug 
resistance, inheritance in single bacterial cells, penicillin-induced resistance to 
penicillin in cultures of bacillus cereus, multiple mechanisms of acquired drug 
resistance, physiologic (phenotypic) mechanisms accounting for drug resistance, 
genetic and metabolic mechanisms underlying multiple levels of sulphonamide 
resistance in pneumococci, development of resistance to streptomycin in 
Serratia marcescens, distribution of drug-resistant individuals in cultures of 
mycobacterium tuberculosis, and physiologic adaptation of bacteria to anti- 
bioties; 352 pages; 62 illustrations; 1957. Little, Brown and Company, Boston. 
Price $9.00. 

Endocrinologia Glandelor Salivare. By Pror. C. I. PARHoN, Pror. A. BABEs and Dr. 
I. Perrea. Medical Publication No. 5 of the Institute of Endocrinology, 
Academy of the Republic of Roumania, Bucharest, with abbreviated texts 
in English and Russian. The 11 chapters cover the history of the problem of 
the salivary glands, the morphology of these glands in animals, the salivary 
glands during certain physiologic conditions, their morphologic aspect at rest 
and during secretion, their relationship to the endocrine glands (experimental 
researches) and to one another, their role in glucidic metabolism, their enzymes, 
their trophic neuro-endocrine correlations, pathologic conditions related to 
internal secretion, and anatamo-clinical data during certain endocrine and 
non-endocrine diseases; 318 pages; 185 figures; 1957. Editura Academiei 
Republicii Populare Romine, Bucuresti, Roumanie. 

Etud: de la fonction thyroidienne avec Viode radioactif. By Pror. Dr. A. VANNOTTI, 
Medical Clinic, University of Lausanne, Switzerland. A monograph (in French) 
in which the author compares the clinical and laboratory work conducted in 
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his clinic with that reported in the literature concerning the use of radioiodine 
as a practical method for determining thyroid function. There are chapters on 
the normal function of the thyroid and the intermediary metabolism of iodine; 
alterations in thyroid function and relationships to other endocrine glands; 
new methods of exploration of thyroid function, including methods of admin- 
istration of radioiodine, dosage, instrumentation and technique; clinical results 
of tests in normal subjects and in those with thyroid disorders; and secondary 
alterations in thyroid function (dysthyroses). There is an extensive bibliog- 
raphy; 203 pages; 41 figures; 15 tables; 1957. Intercontinental Medical Book 
Corporation, 381 Fourth Ave., New York 16, N. Y. (Benno Schwabe & Co., 
Publishers, Basel, Switzerland.) Price $6.25. 

(The) Healing of Wounds. A Symposium on Recent Trends and Studies. Edited by 
Martin B. Wituiamson, Pu.D., Professor of Biochemistry, Stritch School of 
Medicine, Loyola University, Chicago, Illinois. There are 10 articles by various 
contributors on the metabolism of proteins and amino acids during wound 
healing, the role of the ground substance in wound healing, methionine in 
wound healing during protein starvation, pharmacologic considerations of 
sulfur compounds in tissue regeneration, vitamin C and wound healing, 
hormonal influences on granulation tissue formation, collagen in wound heal- 
ing, healing of muscle tissue, incisions used in gynecology and clinical ap- 
proaches to the concepts of wound healing; 202 pages; illustrated; 1957. 
McGraw-Hill Book Company, Inc., New York. Price $7.00. 

Hormones in Blood. Volume XI of Ciba Foundation Colloquia on Endocrinology, edited 
by G. E. W. Woustennotme, M.A., B.Ca. and Exvaine C, P. Miniar 
A.H.-W.C. This volume contains the proceedings of the 43rd small international 
conference held at the Foundation in London, the 17th on an endocrinological 
subject, February 18-22, 1957. The two major themes are: How are hormones 
transported in the blood? and How do we measure hormone levels in the 
blood? The articles cover the following hormones: neurohypophysial, anterior 
pituitary, placental, thyrotrophic, thyroid, insulin, corticotropin, adrenal 
steroids, estrogens, progesterone and catechol hormones; 416 pages; illustrated; 
1957. Little, Brown and Company, Boston, Mass. Price $9.00. 

La fonction endocrine du testicule. Physiologie—Explorations—Pathologie—T hérapeutique. 
A colloquium organized by the National Society for the Study of Sterility and 
Fertility, Paris, July 9-11, 1957; Pror. GinBeRtT-DReEyFvs, Secretary-General. 
There are 4 articles on the embryology and histology of the testis, 6 on physi- 
ology and biochemistry, 4 on various methods of investigation in biochemistry 
and histology, 12 on various testicular disorders, and 6 on the treatment, in- 
cluding the pharmacology of gonadotropins and androgens; 532 pages; 108 figs. ; 
1957. Masson et Cie, Editeurs, Paris, France. Price 4500 fr. 

(Der) Lehrstuhl fiir Chirurgie an der Rheinischen Friedrich Wilhems-Universitat, Bonn, 
1818-1953. By Erich FreinERR VoN Repwitz, Professor of Surgery and 
Director, University Clinic, Bonn. A series of articles on the lives and work 
of the men who occupied the Professorial Chair of Surgery at the University, 
Bonn, during the last 135 years—von Walther, Wutzer, Busch, Trendelenburg, 
Schede, Bier, Garré, Rehn, and von Redwitz; 116 pages; illustrated; 1957. 
Chir. Univ. Klink, Bonn-Venusberg; Prof. Dr. A. Giitgemann, Director. 

Metabolism of the Nervous System. Edited by Derek RicuterR, Neuropsychiatric Re- 
search Centre, Whitchurch Hospital, Cardiff, Wales. This volume contains the 












BOOK REGISTER Volume 18 


proceedings of the Second International Neurochemical Symposium, held at 
Aarhus, Denmark, in July 1956. The First Symposium dealt mainly with the 
embryology and early development of the nervous system (“Biochemistry of 
the Developing Nervous System,”’ Academic Press, 1955). The Second Sym- 
posium supplements and extends the First by giving a fuller account of the 
metabolism of adult nervous tissues in the form of a collective effort by in- 
vestigators working in different fields of research, but having a common interest 
in the working of the nervous system. An attempt has been made to relate 
metabolism to structure and function, rather than to deal exclusively with the 
biochemistry of nervous tissues. There are chapters on molecular structure and 
morphology (including electron microscopy), chemical composition and cyto- 
chemical localization, permeability and blood-brain barrier, electrolytes and 
nervous conduction, metabolism of isolated nerve and ganglion, metabolism of 
the brain in vivo, metabolism of brain tissue preparations in vitro, energy 
metabolism and coenzymes, lipid and fatty acid metabolism, nucleic acid me- 
tabolism, protein and amino acid metabolism, cholinergic and non-cholinergic 
transmission, and certain pharmacologically active compounds; 600 pages; 
illustrated; 1957. Pergamon Press Inc., New York and London. Price $16.00. 


Psychological Aspects of Aging. Edited by Joun E. ANDERSON, Chairman of the Research 


Committee of Division 20, the division on Maturity and Old Age of the 
American Psychological Association. This volume reports the Proceedings of 
a Conference on Planning Research, Bethesda, Maryland, April 24-27, 1955, 
held under the auspices of this division of the A.P.A., and supported by a 
grant from the National Institute of Mental Health. The subjects covered 
are: Some problems of older people; personal and social adjustment; the 
assessment of aging; perceptive and intellective abilities; learning, motivation 
and education; functional efficiency, skills and employment; and research 
problems in aging; 323 pages; 1956. American Psychological Association, 1333 
16th Street, N.W., Washington 6, D. C. Price $2.00. 


Shock and Circulatory Homeostasis. Transactions of the Fifth Conference, Nov. 30- 





Dec. 2, 1955, Princeton, N. J., edited by Harotp D. Green, M.D., D.Sc., 
Professor of Physiology and Pharmacology and Associate in Internal Medicine, 
Bowman Gray School of Medicine, Wake Forest College, Winston-Salem, 
N. C. A series of articles and discussions on: Hepatic blood flow in experimental 
shock; the bacterial factor in experimental shock; an inquiry into the mecha- 
nism of the protection afforded by aureomycin against shock; shock in germ- 
free rats; the influence of adrenergic, cholinergic and ganglionic blocking agents 
in experimental shock; hormonal factors in experimental shock; preservation 
of the hepatic ferritin systems and protection against shock by GD-131; the 
influence of hypothermia and chlorpromazine; and the lymphatic adjustments 
to shock; 337 pages; 78 figures; 53 tables; 1957. Josiah Macy, Jr. Foundation, 
New York 36, N. Y. Price $4.75. 











